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ABSTRACT 
Using cells pooled from aged donors, a number of immune 
functions have been reported to decline with age. However, ageing is 
accompanied by increased variation in immune responsiveness between 
individuals. The present study was predominantly concerned with 
examining the responsiveness of cells from individual donors in 
comparison with those of cells pooled from aged or young adult 
animals. The technique of adoptive transfer was used to measure the 
responses following primary or secondary challenge with SRBC, whilst 
in vitro techniques were used to measure responses to PHA, Con A and 
LPS. The validity of using an adoptive transfer system was examined. 
The responses of individuals to primary or secondary challenge 
with SRBC, or stimulation with mitogens, were found to be lower than, 
equal to or higher than those of the young adult controls. In 
contrast, the responses of pooled cells to all stimuli were 
consistently lower. Despite the reduced responses of aged donors, 
the generation and persistence of memory to SRBC were found to be 
comparable in cells pooled from young or aged donors. The responses 
of individual donors again showed wide variation. 
The responses of aged individuals to a number of stimuli were 
measured, to determine to what extent they were correlated. Although 
some degree of correlation between functional and mitogen assays was 
observed within experiments, it was not a consistent finding in the 
study. 
Finally, the involvement of the irradiated host, in an adoptive 
transfer response to SRBC, was investigated using allotype congenic 
mice. The results were not conclusive but indicated that in some 
situations, the, host may contribute to a large part of the response. 
(iii) 
Such findings indicate that great care must be taken in interpreting 
the results obtained from adoptive transfer experiments. 
(iv) 
CHAPTER I 
GENERAL INTRODUCTION - 
- I - 
Ageing has been defined as "a time-dependent process whereby 
one's body can no longer cope with environmental stress and change as 
easily as it once could " (Makinodan 1977). The inevitable 
consequence of such a process is death. It is of interest to note 
that despite a great increase in the mean lifespan of humans, the 
maximum lifespan has remained relatively constant (Walford 1974). 
This indicates that whereas the maximum survival time is not 
influenced by improved medical and social conditions, the mean 
survival time? can be greatly influenced by such factors. 
The causes for the initiation of the ageing process are unclear, 
but several theories of ageing have been proposed. These theories 
fall into two broad categories, those suggesting genetically 
programmed events and those suggesting stochastic events. An example 
of the latter is the error catastrophe theory (Orgel 1963). This 
proposes that senescence results from the progressive accumulation of 
altered molecules with increasing age. Eventually such errors would 
begin to occur in the molecules responsible- for the synthesis of 
other molecules. Errors involving DNA polymerases could lead to a 
cascade of errors resulting in an error catastrophe, with the loss of 
viability of the organism. Different theories regarding the ageing 
process have been discussed in recent reviews (Morrow and Garner 
1979, Popp and Popp 1983, Strehler, 1983). Possibly, the stochastic 
theories lend themselves to scientific investigation more readily 
than the genetic programming theories. As a result, there is 
evidence for and against the stochastic theories but the genetic 
programming theories still require investigation. 
The ageing process is accompanied by increased disease 
susceptibility (Kohn 1963) and a decline in immune potential. 	The 
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latter observation has been the subject of many reviews in recent 
years (Adler et al. 1977, Makinodan and 'tunis 1977, Kay 1979, 
Makinodan and Kay 1980, Kay and Makinodan 1983). An obvious question 
is whether the two observations are related. It is possible that an 
increased susceptibility to disease could stress the immune system 
sufficiently to cause it to deteriorate. Alternatively, the immune 
system could decline in its efficiency to a threshold level, which 
would pre-dispose the individual to disease. Consideration of these 
points suggested that in humans and long-lived mice, the latter 
situation was more likely since a decline in the immune system is 
generally evident before the increase in disease susceptibility, 
(Makinodan 1976). In short-lived mice, however, the former situation 
was more likely. 
The immune system has been the focus of much activity when 
studied in relation to age and has led Walford (1969) to propose an 
"Immune Theory of Ageing". Ageing can be approached at the levels of 
aetiology, pathogenesis and diseases of ageing. Immune function 
could be implicated in all three (Walford 1964). Consequently, the 
manipulation of the immune system to delay the onset of its decline 
could result in a delay in the onset and decrease in the severity of 
many age-associated diseases (Makinodan 1977). 
Several methods have been used to try to achieve such an end 
(Makinodan 1979). These include preventative methods such as 
internal body temperature control, tissue ablation, genetic and 
dietary manipulations, and restorative methods such as cell grafting 
and chemical therapy. 
N 
Dietary manipulation has shown some degree of success. 	Mice 
receiving a calorie restricted but nutritionally supplemented diet 
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showed a delay in maturation and ageing of the immune system (Walford 
et al. 1914). The effect of diet on the immune potential is complex, 
however, the wrong combination leading to increased susceptibility to 
disease or shortened life expectancy (Watson and Safranski 1983). 
Success has been claimed for cell grafting in that the immune 
reactivity of long-lived mice could be improved by simultaneous 
infusion of adult stem cells and implantation of young thymus tissue 
(Hirokawa et al. 1976). Its application to human revitalisation is 
hindered by the fact that donor and host cells require to be 
compatible. The storage of donor cells, obtained during young 
adulthood, has been suggested (Makinodan 1976). Thus when the donors 
approach old age, they can reclaim their cells, avoiding any 
histocompatibility differences. However, more recent observations 
have indicated antigenic differences between aged and young syngeneic 
mouse cells which were sufficient to cause G v H (Gozes et al. 1979), 
mixed lymphocyte reactivity and a humoral response (Callard et al. 
1979). Such changes were deemed to be age-related since young cells 
only responded to old cells and vice versa (Callard et al 1979). 
Such antigenic differences could cause problems in the system 
proposed by Makinodan (1976). 
The decline in immune potential has itself been examined in 
great detail. Initial studies were concerned with determining which 
immune functions declined with age (Hori et al' 1973, Jaroslow and 
Larrick 1973, Konen et al. 1973, Hung et al. 1975a, 1975b, Meredith et 
al. 1975a).- In this way the responsiveness in numerous immunological 
functions was shown to decline, including responsiveness to mitogens 
and allogeneic cells. Macrophage function, in contrast, seemed 
unimpaired with age (Jaroslow and Larrick 1973). Having determined 
which functions did decline with age, attention was switched to 
determining the underlying mechanisms causing such a decline. The 
study of the decline of immune function was therefore dhanging from a 
phenomenological approach to that of determining the underlying 
mechanisms. Such was the position when the present study was 
embarked upon. 
The majority of studies had been performed using cells pooled 
from groups of old animals or pooling the data from groups of aged 
animals. 	It was evident, however, that aged individuals varied 
greatly, in their responsiveness (Heidrick and Makinodan 1972). 	One 
aim of this study, therefore was to investigate immune functions in 
individual aged mice of an inbred strain, in order to assess the 
degree of variability amongst aged animals. The adoptive primary and 
secondary responsiveness to SRBC were studied. The primary 
responsiveness to SRBC had frequently been reported to decrease with 
age (Makinodan 1971a, Finger et at 1971) whereas the secondary 
re'ponsiveness was less clearly affected (Makinodan et al. 1971b, 
Finger et al. 1972). The secondary responsiveness was examined in 
terms of the generation and persistence of memory in old and young 
animals. In addition, the variability of responsiveness to mitogens 
was assessed. Since previous workers had used cells pooled from aged 
donors, such pools were generally included in these studies. This 
served two functions. In the first instance, the pooled responses 
could be compared with those obtained by other workers. Secondly, 
the data obtained from individual and pooled suspension might 
indicate whether suppressor activity was evident. At the start of 
the present study, such activity was being implicated in the 
decreased responsiveness of aged animals (Makinodan et j.  1976, Segre 
and Segre 1976). 
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In many of the earlier studies, in addition to being assessed 
using pooled cells, many immunological parameters were assessed 
independently of each other. Thus, the responsiveness to stimuli 
such as SRBC (Makinodan et al. 1971a, 1971b), PHA (Hori et al. 1973) 
and PHA and Con A (Meredith et al. 1975) was reported to decline with 
age. However, a small study indicating variation in responsiveness 
by individual C5761/6 mice to different stimuli was reported (Adler 
et al. 1977). This type of study was important in that it allowed the 
overall immune status of individuals to be assessed. It also allowed 
responsiveness in different assays to be correlated. A second aim of 
the present study, therefore, was to determine how far the responses 
to different stimuli were correlated in aged CM mice. 
Part of the reduced responsiveness to SRBC with age, was 
previously shown to be due to the old enviroment (Price and Makinodan 
1972b). With this in mind, the adoptive transfer system was used to 
allow comparison of the old and young cells in an identical young 
environment. The use of this method relied on the assumption that 
the irradiated recipients did not participate in the response under 
investigation. Although this is usually taken for granted one report 
suggested that irradiated animals were not immunologically inert 
(Pilarski and Cunningham 1975). A small series of experiments was 
performed to investigate this finding. 
The decline in responsiveness by aged cells has been postulated 
to be due to quantitative (Abraham etal. 1977, Gershon et j. 1979) or 
qualitative defects (Callard and Basten 1977) in the responsive 
cells. Quantitative defects would imply a selective loss of reactive 
cells, whereas qualitative defects could reflect changes in the 
reactive cells, preventing them from responding. Such changes could 
be within the cells (Callard et al. 1979), or indicate an increased 
suscptibility to regulatory cells or factors. Suppressor activity 
has been shown to be of importance in the responsiveness of aged 
animals (Callard et al. 1978, Callard et at 1980, Dekruyff et at 1980, 
Sloberson et al, 1981). Whereas such activity had been implicated 
previously (Makinodan et at 1976, Segre and Segre 1976) it had not 
been demonstrated definitively. 
Finally it appears that qualitative rather than quantitative 
differences could be the cause of reduced responsiveness to some 
stimuli with age. Recently, it has been shown that changes occur in 
the surface membrane of aged cells which are sufficiently large to be 
recognised by young syngeneic cells. Such altered aged cells are 
also able to recognise a difference in young cells (Callard et al. 
1979, Gozes et at 1979). It is possible therefore, that although 
aged cells still bear receptors for antigen or mitogen (Callard and 
Basten 1977, Callard et al. 1977), the alterations in the cell surface 
which occur with age may be sufficient to prevent triggering of the 
response following an interaction between the cell surface and 
stimulus. 
The results of the present study will be discussed in the light 
of the current knowledge of the effect of age on the immune response 
of animals. 
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CHAPTER II 
MATERIALS AND METHODS 
ANIMALS 
Female CBA/H mice were used throughout the study. The stock was 
maintained at the University of Edinburgh Breeding Centre, Bush 
Estate, and animals were transferred to the departmental animal house 
at three months of age. A breeding stock was also maintained at the 
department. Each month, a number of animals were transferred to an 
ageing animal stock room, where they remained until required. Aged 
animals were generally used at twenty-seven months or older. 
Allotype congenic mice were used in some studies. Female Ighbb 
mice were tenth generation backcross from the 101/H strain, 
subsequently maintained by sib mating. 
Young (4 months) C57B1/6 and Balb/c female mice were also bred 
and maintained in the departmental animal house. These animals were 
used in the study of mixed lymphocyte reactivity. 
CULTURE MEDIUM 
Spleen cells were cultured in RPMI 1640 with 20 nfl HEPES, 
supplemented with 2 mM glutamine, 100 iu/ml penicillin, 100 pg/ml 
streptornycin, 0.85 g/l sodium bicarbonate (all reagents from Flow 
Laboratories, Irvine, Scotland), S x 10- 5 M 2-mercaptoethanol (2-ME) 
and heat inactivated serum (routinely pooled human AB serum, donated 
by the Regional Transfusion Centre, Edinburgh, but additionally, 
Gibco Biocult Foetal Calf Serum (FCS) batch K565601$ and Sera Lab 
Foetal Calf Serum). Complete medium was filtered through 0.22 uM 
Millipore Swinnex filters before use. 
SPLEEN CELL SUSPENSIONS 
Spleen cells were prepared in Dutton's balanced salt solution 
(DBSS, Appendix) unless they were to be used forin vitro studies, in 
which case they were prepared in culture medium. Mice were 
sacrificed by cervical dislocation and the spleens removed into ice-
cold medium. Suspensions were prepared by gentle homogenisation, 
followed by passage through a fine mesh sieve to remove debris. The 
cells were washed twice and resuspended to the required volume in 
DBSS or culture medium. 
VIABILITY COUNTS 
The cells were either stained with ethidium bromide/acridine 
orange (Parks et al. 1979) and viable cells (green) counted using a 
fluorescent microscope, or viable cells were assessed by trypan blue 
exclusion (0.1% in saline). 
CELL CULTURES 
Spleen cells were cultured in ninety-six well, flat-bottomed 
microtest plates (Falcon). Unless otherwise indicated, cultures 
were performed in quadruplicate or triplicate with 2.5 x 10 5 viable 
nucleated cells/well, in a total volume of 0.2 ml. Normally, the 
cells were mixed with mitogen or allogeneic cells and culture medium 
in sterile plastic bijoux, and 0.2 ml aliquots of the mixtures 
dispensed using an automatic pipette. Phytohaemagglutinin (PHA HA15, 
Burroughs Wellcome), Lipopolysaccharide (LPS, Difco Laboratories) or 
Concanavalin A (Con A, Calbiochem) were added at 4, 10 and 1 pg/well 
respectively, unless otherwise specified. Allogeneic cells were 
added as specified in the text. Cells cultured to assess background 
uptake of label received no stimulus. The plates were covered and 
incubated at 37 °C in a sealed, humidified perspex box with an 
atmosphere of 5% CO2 in air for three, four or five days, as 
indicated in the text. 
LABELLING AND HARVESTING OF MITOQEW AND MIXED LYMPHOCYTE CULTURES 
Twenty-four hours prior to harvest, each culture received a dose 
of 0.1 pCi 5-[ 125 1]-iodo-2'-deoxyuridine (E 125 1]-UdR, code 1M355, 
Radiochemical Centre, Amersham). The radioactive label was diluted 
to give a dose of 10 pCi/mi, using the table of decay factors with 
time, supplied with the product. After the final twenty-four hours, 
the cultures were harvested onto glass fibre mats (Flow Laboratories) 
and washed with water using a Titertek automatic cell harvester. The 
filters were allowed to dry and the discs transferred to plastic 
vials. The amount of 1251 (counts per minute, cpm) bound to the 
filters was determined using an automatic gamma counter (Nuclear 
Enterprises Model 8311). 
IN VITRO RESPONSES TO TRINITROPHENYL-FICOLL (TNP-FICOLL) 
Spleen cells were cultured at 7.5 x 105 cells/well with 
different doses of TNP-Ficoll (Donated by Dr. H. Waldniann), as 
described in section 5. At different times of culture, plates were 
gently centrifuged and the supernatants removed from the wells. The 
cells were resuspended in 0.1 ml DBSS and assayed for the number of 
anti-TNP DPFC/weli using TNP-coated SRBC in the plaque assay 
(Section 10). One assay plate was used per well, with five wells 
generally being used.';per antigen dose. 
COATING OF SRBC WITH UP 
SRBC were coated with TNP as described by Dresser (1978). 	40 
mg 2, 4, 6-trinitrobenzene-sulphonic acid (TNBS, Sigma) were 
dissolved in 7 ml DBSS and the pH adjusted to 7.2. 1 ml packed SRBC, 
which had been previously washed three times with saline and once 
with DBSS, was added to the TWBS solution. The suspension was gently 
stirred for twenty minutes at room temperature. Triglycylglycine was 
added to stop the reaction, at 1.1 mg/mg TNBS. The cells were washed 
with DBSS until no yellow colour appeared in the supernatant and then 
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washed twice more. 	The cells were then resuspended as a 1% 
suspension for use in the plaque assay. 
9. HAEMAGGLUTJNATION ASSAY 
Serum was obtained by bleeding mice from the retro-orbital sinus 
and allowing the blood to clot at room temperature or overnight at 
4 °C. Serum was used fresh, or after storage at -20 ° C. 
Sheep red blood cells in Alsever's (SRBC. Tissue Culture 
Services) were washed three times with normal saline and once with 
phosphate buffered saline (PBS, Appendix). A 1% suspension (v/v) was 
prepared in PBS containing 0.1% pig-skin gelatin w/v (PBS/gelatin). 
For each test serum, two rows of doubling dilutions were prepared, 
one to measure total anti-SRBC antibody and one to measure IgG 
antibody (2-ME resistant antibody). 50 p1 PBS/gelatin were dropped 
into U-shaped wells of plastic haemagglutination trays using 50 p1 
dropping pipettes. Each 	serum was 	double-diluted using 	50 p1 
diluting loops 	or 	an adjustable multi-channel 	pipette (Flow). To 
measure total anti-SRBC antibody, 50 p1 of the 1% SRBC suspension 
were added to the appropriate wells. 	To measure 2-ME-resistant 
antibodies, 50pl of a 1% SRBC suspension containing 0.1M 2-ME 
(0.7 ml/100 ml of 1% SRBC suspension) were added to the remaining 
wells. 	Negative controls consisted of each SRBC suspension in the 
presence of PBS or normal mouse serum. The plates were covered and 
incubated at 37 ° C for two hours, followed by an overnight incubation 
at 4 °C. The wells were examined for agglutination of the red cells, 
the 1092 reciprocal of the highest dilution giving a positive 
reaction being taken as the titre. 
To determine the allotype of the IgG antibody, where necessary, 
anti-allotype sera were used in combination with the 2-ME/SRBC 
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suspension. Thus, haemagglutinations were set up as described above, 
but after one hour at 37 ° C, the plates were gently centrifuged. The 
supernatants were removed and replaced with 100 p1 of an 
anti-allotype serum or PBS/gelatin. After gentle shaking, the plates 
were incubated for a further one hour at 37 °C and then at 4 ° C 
overnight. 
10. LOCALISED HAEMOLYSIS IN GEL (Plaque Assay) 
A modification of the Jerne plaque assay was used to assess the 
numbers of antibody-forming cells in response to stimulation with 
SRBC (Dresser, 1978). 
5 ml of 1.2% agarose in DBSS were pipetted into sterile petri 
dishes (Sterilin) using an automatic pipetting device. The lid was 
quickly replaced and the molten agarose spread by gentle shaking of 
the plate, which was then placed on a level surface until the agarose 
had set. These bottom layers were generally prepared in advance and 
kept in sealed polythene bags at 4 °C for up to four days. The plates 
were allowed to warm at 37 ° C prior to use in the plaque assay. 
Indubiose agarose (A37, L'Industrie Biologique) was used to prepare 
the top layer which was to contain the test lymphocytes and the 
target SRBC. A 0.75% agarose solution was made by boiling in 0855 
and 2 ml aliquots were dispensed into glass tubes kept at 40 ° C in a 
waterbath. 	Half of the tubes contained developing serum for the 
detection of indirect (IgG) antibody-forming cells (IPFC). 	The 
remaining tubes were used for detecting 'direct' (1gM) antibody-
forming cells (OPEC). For each lymphocyte suspension, four assay 
plates were used, two developed and two direct. To each tube, taken 
in turn from the waterbath, 0.1 ml of test lymphocyte suspension and 
0.1 ml target SRBC were added. The tubes were vortexed to mix the 
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contents which were quickly poured on to a prepared bottom layer. 
The agarose was quickly spread to give an even layer over the plate 
which was then set aside on a level surface until the agarose had 
set. The plates were transferred to a 37 °C incubator for one hour. 
Fresh guinea pig complement, diluted with DBSS, was added at 1 
ml per plate. The plates were incubated at 37 °C for a further hour, 
after which, the number of plaques per plate were counted using a 
colony counter. If the number of plaques per plate were too many to 
count efficiently, a metal disc, the size of the plate was used. 
This disc had five holes punched in it, their combined area 
comprising 1/10 of the total plate area. The number of plaques in 
the five holes were counted and multiplied by ten to give the total 
number of plaques per plate. 
If plates could not be read immediately, they were left at 4 ° C 
overnight unfixed, or for longer periods following the addition of 6 
ml of 0.25% glutaraldehyde in DBSS. 
DEVELOPING SERA 
Rabbit anti-mouse IgG reagents were prepared and purified in the 
department for use in the plaque assay to detect IgG plaque forming 
cells (PFC). Inhibition. (KI) and developing .(KD) constants were 
calculated as described by Dresser (1978). Two such developing sera 
were used in the following experiments, the first had KI and KD 
values of 1.00 whilst the second had a KI of 0.933 and KD of 2.2146. 
ANTI-ALLOTYPE SERA 
Anti_Ighbb serum was prepared in Balb/c female mice by 4-6 
intraperitoneal (ip) injections of 106 killed Bordetella pertussis 
organisms coated with hyperimune C5781/10 mouse anti-pertussis 
antibody (Micklem et al. 1976). Rabbit anti_Igha serum was produced 
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by raising specific antibody to mouse IgG, using the 5563 myeloma 
of C3H, and purified as described by Pritchard et al. (1973). Further 
absorption on sepharose conjugated C5781/10 serum resulted in 
antiserum specific for the a allotype determinant. Mice of the a and 
b allotypes were tested with these antisera in an Ouchterlony test 
prior to use. 
13. GUINEA PIG COMPLEMENT 
Guinea pigs were bred in the departmental animal house and bled 
by cardiac puncture. 	Serum obtained on a given day was pooled and 
absorbed with SRBC (1 ml packed SRBC/20 ml serum) for thirty minutes 
at 4 °C. The sheep cells were spun down, the serum removed and stored 
in 5 ml aliquots at -70 ° C. 	Each complement batch was tested for 
potency at different dilutions in a plaque assay before routine use. 
The complement was normally diluted 1/10 to 1120 in 0855 for use. 
14. IRRADIATION AND CELL TRANSFER 
Three month recipient mice were lethally irradiated (9.25 Grays, 
Gy) utilising a 137 Caesium source, at a rate of 0.39 Gy/min. These 
mice then received 5 x 106 nucleated spleen cells and 1 x 10 8 SRBC 
intravenously (iv), in a total volume of 0.4 ml. They were 
sacrificed five or seven days later to enumerate direct and indirect 
plaque forming cells in their spleens. 
Stimulator cells for mixed lymphocytes were irradiated with a 
dose of 15 Gy. 
15. TREATMENT OF DATA 
(a) Normalisation 
Log transformed data were used for the analysis of in vitro 
mitogen responses and adoptive transfer responses to SRBC. Such 
treatment has been shown to .normalise the distribution of lymphocyte 
- 15 - 
responses to antigens and polyclonal mitogens (Gottlieb 1974, Ziegler 
et at 1974). 
(b) Statistical analysis 
Comparisons of responses between experimental groups were 
performed using a two-tailed Student's t-test. Student's t-test for 
paired data was used for the comparison of lgG and 1gM PEG levels 
within experimental groups. 
Non-parametric tests were used for comparison of responses by 
pooled cells with the expected responses for the pools. The tests 
chosen were the Mann-Whitney II test for samples where the larger 
group, N2 is between nine and twenty, or where N2 is greater than 
twenty (Siegel). 
Spearman's rank correlation coefficients were calculated using 
log10 transformed data. 
Stimulation indices 
The responses, to mitogens were sometimes expressed as 
stimulation indices, calculated as the ratio of the geometric mean 
cpm in stimulated cultures 	the geometric mean cpm in unstimulated 
cultures. 
Percentage responses 
In some instances, responses of old cells were expressed as a 
percentage of the young control response, to enable comparisons 
between experiments. 
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CHAPTER III 
ADOPTIVE TRANSFER STUDIES 
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INTRODUCTION 
Sheep red blood cells have been extensively used as antigens in 
studies of the influence of age on primary and secondary immune 
responsiveness of animals. Comparison of primary responses of aged 
and young mice of various strains has shown alterations in both the 
level and the nature of the responses generated by the aged animals 
(Makinodan and Peterson 1966a, 1966b, Micklem et al. 1973, Finger et. 
al, 1977, Friedman and Globerson 1978a, 1978b). 	Such studies were 
performed using a variety of techniques. 	In vitro (Heidrick and 
Makinodan 1973, Friedman and Globerson 1978a, 1978b), in vivo 
(Makinodan and Peterson 1966a, 1966b, Friedman and Globerson 1978a), 
and transfer methods (Price and Makinodan 1972a, 1972b, Micklem et at 
1973, Friedman and Globerson 1978b) all showed a reduced level of 
responsiveness in the aged animals. Although both 1gM and I.gG 
production were impaired, the effect on the IgG response was more 
pronounced (Micklem et al. 1973, Friedman and Globerson 1978a, 1978b). 
The sensitivity of aged animals to antigen is also affected. 
The amount of antigen required to stimulate old mice maximally is 
ten-fold greater than for young animals, when tested in vivo. 
However, when tested in vitro, there is no difference in dose 
requirement (Makinodan and Adler 1975). The lack of sensitivity of 
the aged animals appears to be due to a defect in the immunocompetent 
cells themselves rather than in accessory cells since several studies 
have indicated no impairment of macrophage function with age. The 
capacity of old animals to clear foreign red cells from the blood is 
normal (Jaroslow and Larrick 1973). Heidrick and Makinodan (1973) 
have shown that young non-adherent cells respond equally well to SRBC 
when cultured with old or young adherent cells. Macrophages from 
n 
aged animals also function normally in in vitro responses to LPS, PHA. and 
allogerteic cells (Callard 1978). 
Early reports suggested that the secondary response to SRBC 
might also be reduced with age (Makinodan and Peterson 1966a, 
1966b). More recent studies, however, indicated that aged animals 
could be adequately sensitised to undergo a secondary response 
(Makinodan et al. 1971, Finger etal. 1977). It is interesting to note 
that even when old mice had been iffimunosuppressed with 
cyclophosphamide, shortly before priming with SRBC, they were found 
to be adequately primed to produce a secondary response, despite 
complete suppression of their primary response (Emmerling et al. 
1972). 
Many of the studies on immune responsiveness in relation to age 
have been performed using cells pooled from a number of aged 
animals. However, in such animals, any of several factors can result 
in a decrease of the immune response. Suppressor cells may be 
increased in number or activity, immunocompetent cells may be 
decreased in numbers or functional efficiency, or a particular cell 
type may be limiting in certain individuals (Makinodan et al. 1976). 
Thus, depending on the defects in any one individual, pooling of 
cells may result in reduced, increased or equivalent responses 
compared with the mean response of the individuals comprising the 
pool. 
A series of experiments has therefore been performed to compare 
the development of memory to sheep red blood cells in young animals, 
and in old animals assessed either individually or as pools. The 
method used was that of ad' )ptive transfer of cells into lethally 
irradiated, young, syngeneic recipients. This method has been used 
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widely for the study of ageing (Micklem et al. 1973, Butenko and 
Andrianova 1975, Friedman and Globerson 1978b) and immunology in 
general (Herzenberg et at 1980, Zan-Bar et al. 1978). 	Adoptive 
transfer was chosen for a variety of reasons. 	It enables the 
comparison of performances from aged and young animals in an 
identical environment, negating the part played by extrinsic effects 
of an aged environment (Price and Makinodan 1972b). The interactions 
between cells from more than one individual can be easily studied. 
Cells from a given individual can be assessed using more than one 
assay system, eg parallel in vitro studies can be performed on cells 
from the same individual. Finally, since the method involves the 
preparation of spleen cell suspensions, animals showing signs of any 
tumours can be immediately rejected. 
- 20- 
RESULTS 
(a) Primary responsiveness of individual old mice to SRBC 
The primary immune responsiveness of individual CF3A mice, 
greater than 27 months, was examined to determine whether the 
reported decreases in the responsiveness of aged mice was evident in 
our mouse colony. 
Groups of five young (3 month) irradiated (9.25 Gy) mice 
received 1 x 108  SRBC and 5 x 106 spleen cells, prepared either as 
suspensions from the individual donors or as a mixture, comprising 
equal numbers of cells from each donor. The cells were injected 
intravenously. The dose of 1 x 108 SRBC was used, since it lies on 
the plateau for the antigen dose required to stimulate old animals 
maximally (Makinodan and Adler 1975). 
The responses of five old mice were assessed in this way (Groups 
01, 02, 03, 04, 05, OM). In addition, spleen cells were pooled from 
three, 6 month mice and injected with 1 x 108 SRBC into each of eight 
irradiated recipients (Group U). The numbers of direct and indirect 
PEG in the recipient spleens were measured 7 days after transfer and 
challenge (Figure 1). 
The 6 month donors gave good responses after transfer into 
lethally irradiated hosts (3.541 ± 0.260 and 2.621 ± 0.181 IPFC and 
DPFC respectively), the level of IgG plaque forming cells being 
greater than 1gM (Pc 0.001). Of the six groups receiving cells from 
old donors, only two groups showed higher IgG levels than 1gM (Groups. 
03 and 05), the increased level in Group 03 being significant (p 
<0.05). 
Compared with the recipients 
fon 
receiving cells from kold donors 
of young cells,, the animals 
all showed lower IgG levels 
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Figure 1. 	Primary responsiveness of individual old mice ( > 27 
months) to SRBC. Direct ( o ) and indirect ( o ) anti -SRBC PFC were 
detected in the spleens of young irradiated recipients 7 days after 
the adoptive transfer of 5 x 106 spleen cells from old and young 
donors, with a simultaneous challenge of 1 x 10 8 SRBC. Old cells 
were either from individual donors (01-05), or pooled from these 
donors (OM). 	Young cells were pooled from three 6 month donors 
(VU). 	The results are expressed as the mean log10 PFC/recipient 
spleen ± 1SE. 	Eight recipients were used for donor VU and five 
recipients for donors 01-05 and OM. 
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°'4?M pCOOfl4(oup O ), whereas only two 
groups, 01 and 02, showed a reduced 1gM response (ptheoInJcdi). 
Comparison of the responses of the groups receiving cells from 
individuals and from the pool showed no difference in the 1gM 
response. 	However, differences were again observed in the IgG 
response, the levels in Groups 03 and 05 being higher (p.< 0.05). 
The responses expected by the pool were calculated by taking the 
average responses of the components in the pool. The expected values 
for the 1gM and IgG responses were 2.05 ± 0.423 and 2.17 ± 1.110 
respectively, the observed values being 2.19 ± 0.301 and 1.55 ± 
0.874. Statistical comparison using the Mann-Whitney U test for 
large samples (N2?-20) showed no significant differences between the 
observed and expected responses in both cases. 
Thus, using cells pooled from a group of old donors, there is 
confirmation of a reduced primary responsiveness to SRBC in aged 
animals, and of the greater impairment in IgG production compared 
with 19M. In contrast, results from the groups receiving cells from 
individual donors showed no reduction in the 1gM response in four of 
the five groups, although the IgG response was reduced in all groups. 
The difference in the results obtained from the pooled and 
individual suspensions emphasises the need to look at the responses 
of individual aged mice. 
(b) Variation in the adoptive secondary responses of young and old 
donors to SRBC 
Groups of 5 month and 30 month CBA mice were immunised ip with 5 
x 107 SRBC. Five weeks later, spleen cells from each of four young 
(Y1-Y4) and four old primed animals (01-04) were transferred into 
groups of four irradiated (9.25 Gy) recipients at 5 x 10 6 spleen 
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cells/recipient. A challenge dose of 1 x 108  SRBC was given at the 
time of transfer. DPFC and IPFC numbers in the recipient spleens 
were measured 7 days later. The results of the four groups receiving 
cells from individual young donors are shown in Figure 2(a) and from 
the individual 31 month donors in Figure 2(b). 
The young donors resulted in very reproducible PFC numbers in 
the recipient spleens. No significant differences were seen in the 
1gM or IgG levels in the four groups and comparison of the IgG and 
1gM responses within each group showed that the IgG responses were 
significantly higher (p< 0.001 in all groups). 
The aged donors were adequately primed to mount a secondary 
response in the irradiated recipients, although the responses of the 
four groups were very variable. In contrast with the results from 
the young donors there were significant differences between the 
groups receiving cells from aged animals (Table 1). 
On the basis of these and other preliminary studies, it was 
decided to use cells pooled from young primed or unprimed donors as 
controls for the following adoptive transfer studies. 	In the first 
instance, the responses of the young animals did not vary greatly. L 
addition, the pooling of cells for the control groups made the 
following series of experiments feasible. The old animals, however, 
were studied both individually and as members of pools of animals. 
(c) Generation of memory to SRBC in aged (greater than 28 months) and 
young adult (less than 6 month) CBA mice 
As shown in the previous experiments, there is considerable 
variability in the level of responsiveness both primary and 
secondary, of aged donors to SRBC. The ability of aged animals to 
generate memory and to maintain memory to SRBC was studied. Cells 
- 24 - 
Figure 2. Secondary responsiveness of (a) young adult (6 month) and 
(b) old (31 month) donors to SRBC. Direct (0 ) and indirect (o 
anti-SRBC PFC were detected in the spleens of young Irradiated 
recipients 7 days after the adoptive transfer of 5 x 106 primed 
spleen cells from individual young adult (Y1-Y4) or old (01-04) 
donors with a simultaneous challenge of 1 x 108 SRBC. Donors had 
been primed 5 weeks earlier with 5 x 10 SRBC ip. The results are 
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TABLE 1 
Comparisons of the adoptive secondary responses 
of 28 month donors to SRBC and their significancea 
Direct PFCb Indirect PFC 
Group 02 03 04 Group 02 03 04 
Group 01 *** * *** *** *** 
02  
03 *** *** 
a Significance determined using Student's ttest on log transformed 
data and depicted as 	pcO.00l, ** p<O.Ol,. p<.0•05 
Splenic PFC determined 7 days after transfer and challenge 
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from old animals were used as individual suspensions, or •pooled using 
equal numbers of cells from each donor, to examine the effects of 
good or poor responders on the response of the pool. 
Secondary 	responses 	are 	characterised 	by 	an 	earlier 
predominance of IgG PFC than is seen in primary responses. Thus, by 
assaying responses 5 and 7 days after transfer and challenge, one 
would expect to be able to distinguish between primary and secondary 
responses. At day 5, animals undergoing a secondary response would 
begin to show elevated IgG PFC levels whilst those undergoing a 
primary response would still show a predominance of 1gM PFC. At day 
7, one might expect higher IgG levels than 1gM in •both the primary 
and secondary responses. 
Old and young mice were immunised, ip, with 1 x 10 8  SRBC. 	A 
control group of unprimed animals, the same age as the young 
experimental group, were set aside as controls for a primary 
response. At intervals of 6, 14, 21, 35 and 49 days after priming, 
groups of young and old primed, and young unprimed animals were used 
as donors for adoptive responses. 
Spleen cells from individual primed old animals (Groups 01-04), 
pooled from old donors (OM), pooled from young primed (VP) or young 
unprimed donors (VU), were injected iv into groups of eight to ten 
lethally irradiated, syngeneic recipients. A dose of 5 x 106  donor 
cells was used per recipient, along with a challenge dose of 1 x 10 8 
SRBC. Plaque forming cells per recipient spleen were assayed 5 and 
7 days following transfer and challenge. The results of these 
transfers are shown in Figures 3A-3D and Tables 2a-2d. 
11 
(1) Comparison of the day 5 1gM responses. 	(Table 2a) In 
most instances, primed old cells (Groups 01-04, OM) mounted responses 
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TABLE 2a 
Comparison of day 5.1gM responses and their significance 8 
DAY OF TRANSFER AFTER PRIMING 




_Vu ***t * 	I *** ***t 
•OM ***t ** ) * 	I 
01 NDb  
02 NO  
03 NO  





01 ND  
02 NO  
03 NO - ** 	I *** 	I •*** 	I 




01 NO  
02 NO  
03 NO - - - - 
04 NO * 	4 *** NO 
a Significance values calculated using Student's t test on log 
transformed data and depicted as 	pCO.00l, ** p< 0.01, 
* p< 0.05, - not significant. 
b NO not done. 
Indicates that Groups VP, Vii, or GM mounted responses higher than 
the groups compared with them. 
4 Indicates that Groups VP, Vii or OM mounted responses lower than the 
groups compared with thim. 	- 
n 
Figure 3A. Generation of memory to SRBC in aged ( >28 month) and 
young adult ( <6 month) mice. Direct (1gM) anti-SRBG PFC were 
detected in the spleens of youn,g irradiated recipients 5 days after 
the adoptive transfer of 5 x 10° spleen cells from individual primed 
aged donors (0), pooled from these donors (e ), pooled from primed 
young adult donors (A) or pooled frpm unprimed young adult donors 
U). A challenge dose of 1 x 100 SRBC wps given at the time of 
transfer. Primed donors had received 5 x 10' SRBC, ip, at 6, 14, 21, 
35 or 49 days before the transfer of their spleen cells. Results are 
expressed as the mean log10 PEG/recipient spleen ± 1SE, of 4 or 5 
recipients. For the sake of clarity, error bars have been omitted 
for the responses of individual donors (0) SE are shown in Table 3. 














0 	 0 
10 	 30 	40 
Day of transfer after immunisation 
- 29 - 
significantly lower than those of young primed cells (Group VP) at 
the different times of transfer. Although no old group gave 
responses higher than Group VP, the lower responses of Groups 02 on 
day 14, and 03 on day 35 were not significantly so (Table 2a, Figure 
3A). At all times of transfer, the responses of the young unprimed 
cells (VU) were significantly lower than those of Groups VP. 
However, they were often comparable with, or higher than, those of 
old primed cells, whether pooled or from individuals. Only four old 
groups mounted responses significantly higher than Group VU. 
Comparison of the day £ IgG responses. 	As for the 1gM 
response, the IgG responses of Group VP were higher than all other 
groups at each time of transfer. The responses of Groups 02 on day 
14, and 01 and 02 on day 21, although lower, were not significantly 
SO. 	In contrast with the iqi responses, the young unprimed cells 
mounted lower responses than the majority of the old groups, although 
in some instances, these reductions were not significant (Table 2b, 
Figure 3B). 
Comparison of the day 7 1gM responses. 	Although the 
numbers of PFC/recipient spleen had increased by day 7 in all groups 
(Table 3), the pattern of response at the different transfer times 
was similar to that seen on day 5. Thus, at each time of transfer, 
the responses of all groups were lower than of Group VP, although 
again, the responses of Groups 02 on day 14 and 03 on day 35, were 
not significantly so. In addition, the response of Group VU was not 
significantly lower than that of Group VP on day 14 (Table 2c, Figure 
3C). As on day 5, the responses of Groups VU were generally higher 
than those of the old groups or not significantly different. Only 
five old groups gave responses significantly higher than Groups VU. 
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TABLE 2b 
Comparison of day 5 IgG responses and their significancea 
DAY OF TRANSFER AFTER PRIMING 




_Vu ***I ** 	t ** 
Qfj ** 1 ** 	I 
01 NDb  
02 NO  
03 NO ** 	I * 	I 





01 NO  
02 NO  
03 NO  




— 01 NO  
02 NO  
03 NO  
04 NO * 	I * 	I **I ND 
8 Significance values calculated using Student's t test on log 
transformed data and depicted as 	p'0.001. ** p--'O-01, 
* p< 0.05, - not significant. 
b NO not done. 
Indicates that Groups VP, VU, or Oil mounted responses higher than 
the groups compared wiBT tliirn. 
Indicates that Groups VP, VU or Oil mounted responses lower than the 
groups compared with them. 
11 
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Figure 38. Generation of memory to SRBC in aged ( > 28 month) and 
young adult ( < 6 month) mice. Indirect (IgG) anti-SRBC PFC were 
detected in the spleens of youn,g irradiated recipients 5 days after 
the adoptive transfer of 5 x 100 spleen cells from individual primed 
aged donors ( 0 ), pooled from these donors ( • ), pooled from primed 
young adult donors (A) or pooled frpm unprimed young adult donors 
• ). A challenge dose of 1 x 10° SRBC
' 
 s given at the time of 
transfer. Primed donors had received 5 x 10SRBC, ip, at 6, 14, 21, 
35 or 49 days before the transfer of their spleen cells. Results are 
expressed as the mean loglo PFC/reciplent spleen ± 1SE, of 4 or 5 
recipients. For the sake of clarity, error bars have been omitted 
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TABLE 2c 
Comparison of the day 7 1gM responses and their s ignificancea 
DAY OF TRANSFER AFTER PRIMING 




- Vu  
CM * 	I ** 	I ***I ** 	I ***I 




















04 NO - - ***I ND 
a Significance values calculated using Student's t test on log 
transformed data and depicted as 	P< 0.001, ** P< 0 . 01 , 
* p< 0.05, - not significant. 	 - 
b NO not done. 
Indicates that Groups VP, VU, or OM mounted responses higher than 
the groups compared with them. 
I Indicates that Groups VP., VU or CM mounted responses lower than the 
groups compared with tliim. 
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Figure 3C. Generation of memory to SRBC In aged ( > 28 month) and 
young adult C C 6 month) mice. Direct (1gM) anti-SRBC PFC were 
detected in the spleens of youn,g irradiated recipients 7 days after 
the adoptive transfer of 5 x 10° spleen cells from individual primed 
aged donors ( o ), pooled from these donors ( e ), pooled from primed 
young adult donors (A) or pooled frpm unprimed young adult donors 
U). A challenge dose of 1 x 10° SRBC ws given at the time of 
transfer. Primed donors had received 5 x 10' SRBC, ip, at 6, 14, 21, 
35 or 49 days before the transfer of their spleen cells. Results are 
expressed as the mean loglo PFC/recipient spleen ± 1SE, of 4 or 5 
recipients. For the sake of clarity, error bars have been omitted 
for the responses of Individual donors (o) SE are shown in Table 3. 
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Three of these groups had also given higher resøonses on day 5, and 
one had not differed significantly. 
(iv)Comparison of the day 7 IgG responses. 	The pattern of 
responsiveness of pooled old or young cells, other than of Group VU on 
day 21, was comparable with that seen on day 5, despite an overall 
increase in PFC levels/spleen (Table 3). 
Group 03, on day 35, mounted a response equal to that of Group 
VP (5.2 ± 0.03 and 5.2 ± 0.08, respectively). Groups VU and 02 on 
day 14 gave responses which, although lower than group VP, were not 
significantly so. However, as previously, the responses of all other 
groups, at each transfer time, were significantly lower than Group 
VP. As with the day 5 IgG response, the responses of Groups VU 
either did not differ, from those of the old groups, pooled or 
individual, or tended to be lower (Table 2d, Figure 3D). 	However, 
the response of Group VU on day 21, was significantly higher than 
those of Groups 03, 04 and OM. 
(v) Comparison of the responses of aged cells, either pooled 
or from individuals. Tables 2a-2d and Figures 3A-31) show the wide 
variation in the responsiveness of individual aged donors and cells 
pooled from groups of these donors. The responses of the individuals 
were found to be higher, lower or not to vary from the pool, as might 
be expected if the pool reflected the mean of the individual 
responses. 
Only five groups differed sñjfiâKf]ifrom their pools with 
regard to the day 5 1gM responses (Table 2a). The day 5 IgG 
responses showed increased variation between individuals at each 
transfer time (Figure 38). In addition nine groups gave responses 
which differed significantly from the responses of their pools. 
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TABLE 2d 
Comparison of the day 7 IgG responses and their significancea 
DAY OF TRANSFER AFTER PRIMING 
6 	14 	21 	35 	49 
Comparison 
of Group 
VP with: £ 
VU  
OM *** 	t *** 	t *** ** 	t t 
01 *** 	t ** t *** 	t ** t 
02 •*** 	t - *** 	t *** 	t *** 	t 
03  






02 - - - - 
03 - 







04 ND ** 	t ***t ** 	t NO 
a Significance values calculated using Student's t test on log 
transformed data and depicted as 	p< 0.001, ** p< 0.01, 
* pcO.OS, - not significant. 
b ND not done. 
I Indiates that Groups VP, VU, or OM mounted responses higher than 
the groups compared with them. 
4 -Indicates that Groups VP, VU or OM mounted responses lower than the 
groups compared with tFiim. 
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Figure 3D. Generation of memory to SRBC in aged ( ' 28 month) and 
young adult ( c•6 month) mice. Indirect (IgG) anti-SRBC PFC were 
detected in the spleens of young irradiated recipients 7 days after 
the adoptive transfer of S x 100  spleen cells from individual primed 
aged donors ( 0), pooled from these donors ( •), pooled from primed 
young adult donors (A)  or pooled frpm unprinied young adult donors 
•). A challenge dose of 1 x 10° SRBC tt4as given at the time of 
transfer. Primed donors had received 5 x 10' SRBC, Ip, at 6, 14, 21, 
35 or 49 days before the transfer of their spleen cells. Results are 
expressed as the mean log10 PFC/recipient spleen ± 1SE, of 4 or S 
recipients. For the sake of clarity, error bars have been omitted 
for the responses of individual donors (0) SE are shown in Table 3. 
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TABLE 3 
Adoptive anti-"'C responses of young and 
old primed cells and of young unprimed cells transferred 
and challenged at intervals after priming. 
Day 5 Response Dày 7 Response 
Group DPFC IPFC DPFC IPFC 
Day 6 Transfera 
VP 4.4 ± 0.13b 4.3 ± 0.11 4.1 ± 0.08 4.7 ± 0.07 
vu 3.4 ± 0.14 1.0 ± 0.64 3.0 ± 0.17 2.9 ± 0.72 
OM 3.1 ± 0.07 3.1 ± 0.06 3.8 ± 0.04 3.5 ± 0.19 
01 NDC ND 2.9 ± 0.18 2.4 ± 0.29 
02 ND ND 2.6 ± 0.15 3.0 ± 0.26 
03 ND ND 3.1 ± 0.14 3.9 ± 0.05 
Day 14 Transfer 
VP 2.9 ± 0.07 3.2 ± 0.14 2.8 ± 0.15 3.9 ± 0.04 
vu i.s ± 0.19 1.1 ± 0.35 2.5 ± 0.16 2.1 ± 0.63 
GM 1.9 ± 0.04 2.0 ± 0.16 1.9 ± 0.11 2.9 ± 0.09 
01 1.8 ± 0.17 2.3 ± 0.27 2.3 ± 0.10 3.2 ± 0.12 
02 2.7 ± 0.12 3.0 ± 0.17 2.5 ± 0.20 3.6± 0.15 
03 1.9 ± 0.12 0.6 ± 0.39 1.7 ± 0.07 1.1 ± 0.63 
04 1.5 ± 0.16 0.9 ± 0.35 1.6 ± 0.12 1.4 ± 0.46 
Day 21 Transfer 
VP 3.4 ± 0.32 4.2 ± 0.38 3.9 ± 0.11 5.1 ± 0.04 
VU 2.5 ± 0.08 1.9 ± 0.48 3.1 ± 0.13 4.1 ± 0.12 
•OM 2.0 ± 0.17 2.7 ± 0.03 2.1 ± 0.13 3.7 ± 0.08 
01 2.3 ± 0.08 3.2 ± 0.02 2.1 ± 0.20 3.6 ± 0.20 
02 2.3 ± 0.22 3.4 ± 0.19 2.8 ± 0.15 4.3 ± 0.12 
03 1.9 ± 0.09 2.3 ± 0.26 1.9 ± 0.14 3.1 ± 0.17 
04 1.8 ± 0.11 1.9 ± 0.23 2.1 ± 0.08 0.5 ± 0.52 
Day 35 Transfer 
Vp 3.5 ± 0.12 4.4 ± 0.04 4.2 ± 0.08 5.2 ± 0.08 
vu 1.8 ± 0.12 0.9 ± 0.40 2.3 ± 0.07 2.7 ± 0.54 
OM 3.1 ± 0.07 3.9 ± 0.08 3.7 ± 0.10 4.7 ± 0.04 
01 3.0 ± 0.03 4.0 ± .0.06 3.7 ± 0.06 4.7 ± 0.05 
02 1.5 ± 0.20 2.1 ± 0.33 1.6 ± 0.19 2.5 ± 0.40 
03 3.3 ± 0.06 4.1 ± 0.11 4.0 ± 0.08 5.2 ± 0.03 
04 2.2 ± 0.11 3.2 ± 0.16 2.7 ± 0.08 4.1 ± 0.09 
Day 49 Transfer 
Vp 4.2 + 0.08 4.8 + 0.09 4.4 ± 0.07 5.7 ± 0.05 
VU 3.2 ± 0.07 2.0 ± 0.82 3.3 ± 0.15 4.1 ± 0.16 
OM 2.2 ± 0.11 3.3 ± 0.14 2.6 ± 0.08 4.6 ± 0.05 
01 2.9 ± 0.08 3.8 ± 0.09 2.6 ± 0.11 4.2 ± 0.09 
02 2.4 ± 0.07 3.0 ± 0.11 2.1 ± 0.09 3.9 ± 0.10 
03 2.0 ± 0.21 2.5 ± 0.31 2.8 ± 0.07 4.9 ± 0.03 
a Day of transfer is based on the day of priming being Day 0 
b Mean 10910 PFC/recipient spleen ± 1SE (4 or 5 recipients/group) 
c ND - not done 
MIME 
Examining the day 7 IqM responses (Figure 3C), the response of 
the pool on day 6 was higher than that shown by each of the 
individuals in the pool. At all other transfer times, the responses 
of individuals showed an even distribution about those of their 
pools, four groups giving higher and three groups giving lower 
responses than the pools (Table 2c). In •contrast, there was a 
tendency for the day 7 IgG responses of the pools to be higher than 
the responses of the individuals at most transfer times (Figure 3D 
and Table 2d). Eight animals gave significantly lower responses than 
the pools compared with only four giving higher responses. 
(vi) Comparison of the observed and expected responses by the 
pools. A comparison of the observed and expected responses by pooled 
cells might indicate whether the low responses of some of the donors 
were due to suppressor cells. The day 7 IgG responses of Groups 03 
and 04 transferred 14 days after priming, were very low (Table 3). 
If such low responses were due to suppressor cell activity, this 
might be reflected in •a response by the day 14 pool which was lower 
than expected. 
The expected response of a pool was calculated by taking the 
mean log10 PFC/spleen of all recipients of cells from each donor in 
the pool. Each expected response was therefore calculated from a 
minimum of twelve and a maximum of twenty recipients. The observed 
and expected responses are shown in Figures 4a-4d. 
The observed day S IgG and 1gM responses agreed closely with the 
expected responses (Figure 4a and 4b). This was confirmed by 
statistical analysis using the Mann-Whitney Ii test for large 
samples, no significant differences being found between the observed 
and expected responses. 
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Figure 4a,b. Observed and expected secondary responses to SRBC by 
spleen cells pooled from primed aged donors ( 28 month). (a) Direct 
and (b) Indirect antl-SRBC responses observed (.) and expected ( 0 ) 
in the spleens of young irradiated recipients 5 days after the 
adoptive transfe_y of 5 x 106  primed spleen cells, with a challenge 
dose of 1 x lob  SRBC. The expected response represents the mean 
response of the 3 or 4 individuals included in the pool. The results 
are expressed as the mean loglo PFC/recipient spleen ± 1SE of 4 
recipients for observed responses and 12-16 recipients for expected 
responses. 
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Figure 4c,d. Observed and expected secondary responses to SRBC by 
spleen cells pooled from primed aged donors ( 28 month). (c) Direct 
and (d) Indirect anti-SRBC responses observed (•) and expected ( 0 ) 
in the spleens of young itradiated recipients 7 days after the 
adoptive transfçy of 5 x 10° primed spleen cells, with a challenge 
dose of 1 x 100  SRBC. The expected response represents the mean 
response of the 3 or 4 individuals included in the pool. The results 
are expressed as the mean log10 PFC/recipient spleen ± 1SE of 4 
recipients for observed responses and 12-16 recipients for expected 
responses. 
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With the exception of the observed response on day 6, which was 
higher than expected (p-e- 0.001), the day 7 1gM responses by pooled 
cells were also found to agree closely with the expected responses. 
However, there was not such a close agreement between the observed 
and expected day 7 IgG responses. The observed values were higher 
than the expected values at all transfer times although the 
differences were not found to he significant. 
Comparison of the 1gM and IgS responses within 
experimental groups. 	The transfer and challenge of young primed 
cells at 6 and 14 days, did not result in an early predominance of an 
IgG response. 	However, at all later transfer times, the IgG 
responses were higher than the 1gM responses (Table 3). 	The day 7 
responses showed higher IgG PFC levels at each time of transfer. 
In contrast, the transfer of young, unprimed cells did not result 
in day 5 IgG responses higher than 1gM. Also, higher levels of IgG 
at day 7 were only seen at transfer days 21 and 49. 
Although the old pooled cells gave higher day 5 IgG responses 
than 1gM at transfer, times 14, 21, 35 and 49 days (Table 3), the 
responses were only significantly higher ' at days 21 and 35 (Table 
4). However, by day 7, the IgG responses were significantly higher 
than 1gM at transfer times 14 to 49 days. 
The responses of the individual aged donors were very variable: 
Some groups showed predominant day 5 IgG responses at transfer times 
21, 35 and 49 days and by day 7, most groups gave IgG responses which 
were higher than 1gM (Tables 3). However, five groups were unable to 
mount good IgG responses even 7 days after challenge (Tables 3 and 
4). 
Summary. 	Priming of young donors resulted in increased 
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TABLE 4 
Comparison of IgG and1gM PFC within groups 
and their significanced 
GROUP 
DAY OF TRANSFER 
6 	14 	21 	35 	49 
Day 5 Response 
t VP - - ** 	t ** 
Vii  
OM - - * t  
01 NDb - ** 	t *** 	t 
02 NO  
03 NO  
04 NO - - - NO 






04 NO - NO 
a Significance valnees calculated using Student's t-test for paired 
data and depicted as pcO.O01, ** p<O.01, * p< 0.05, - not 
significant. 
Indicates IgG response higher than 1gM. 
Indicates IgG response lower than 1gM. 
b NO not done. 
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numbers of PEG after adoptive transfer and challenge. 	The 
differences in the responses of young primed and unprimed cells were 
most marked in the IgG responses measured 5 days after challenge. 
With a few exceptions, primed old cells gave responses lower 
than primed young although the kinetics of generation and persistence 
of memory were found to be similar in young and aged mice. When 
compared with young unprimed donors, the 1gM PEG numbers generated by 
aged cells were comparable, whereas the IgS PEG numbers tended to be 
higher particularly on day 5. 
The responses of the aged pooled cells were found to be similar 
to or higher than the mean of the individual responses indicating 
that suppressor cell activity was not responsible for the low 
responses shown by some animals. 
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DISCUSSION 
Using an adoptive transfer system, the primary responsiveness of 
spleen cells from aged donors in this study was shown to be greatly 
impaired. Although both the IgG and 1gM responses were affected, the 
effect was greatest on the IgG response. This finding was in 
agreement with that of other workers (Micklem et al. 1973, Friedman 
and Globerson 1978a, 1978b). The impairment of response was evident 
despite a wide variation in responsiveness of the aged cells. When 
compared with young adult control values, the minimum and maximum 
responses shown by the individual aged donors were 7% and 57% for the 
1gM response and 1% and 34% for the IgG response. Such wide 
variation in the responsiveness of aged cells has been reported by 
other workers from in vitro (Makinodan et al. 1976, Adler et i.1977, 
Nordin and Adler 1979) or adoptive transfer studies (Makinodan et al 
1976). 
The reduced primary responsiveness of aged animals to SRBC has 
been reported by many workers from in vitro (Makinodan and Adler 
1975, Adler et al. 1977, Nordin and Adler 1979), in vivo (Finger et al. 
1971, Makinodan et at. 1971a) and adoptive transfer studies (Makinodan 
and Peterson 1962, 1964, Butenko and Andrianova 1975, Makinodan it al. 
1976). Reduced primary responses have also been shown to other 
1-dependent (Callard and Basten 1978b, Friedman and Globerson 1978a, 
Callard et al. 1980) and T-independent antigens (Callard et al.1978, 
Callard and Basten 1978h, Friedman and Globerson 1978a, Dekruyff et 
al. 1980). 
It has been suggested that the reduced responsiveness of aged 
cells can be attributed to increased suppressor activity, reduced 
relative numbers and/or efficiency of inirnunocompetent cells, or an 
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absolute loss of immunocompetent cells (Makinodan et &1. 1976). The 
pooling of cells could indicate which of these factors, if any, were 
involved in the reduction of responsiveness of aged cells. It was 
suggested that a response higher than expected by the pool would 
indicate a reduction in the relative numbers and/or efficiency of 
immunocompetent cells, a reduced response would indicate suppressor 
activity, whilst a response equal to that expected would indicate the 
absolute loss of potentially reactive cells (Makinodan 1976). 
In the present study, the response of the pooled aged cells was 
found not to differ significantly from that expected, although the 
IgG level was reduced. By the above criteria, this would be 
indicative of an absolute loss of immunocompetent cells, However, by 
pooling cells from five donors, the conclusions cannot be this 
clear. In the inoculum, cells from each donor are at only one fifth 
of their normal injected concentration. It is possible, therefore, 
that suppressor cells from one individual may be too dilute to be 
able to exert their effect on the pool. In addition, if a 
synergistic reaction was occurring between some cells in the pool, 
such a beneficial effect may negate any suppressive effect. Such a 
combination of influences could result in the Overall response of the 
pool being equal to that expected by taking the average of the 
components in the pool. Thus, the cause(s) of the reduced 
responsiveness of individual aged animals could only have been 
identified if mixing had led to a clear-cut enhancement or 
suppression of the response. 
Such problems of interpretation were also encountered in a study 
of the in vitro responsiveness of aged cells to dinitrophenyl-fl-
alanylglycylglycyl_ricolJ (DAGG-Ficoll) and SRBC (Nordin and Adler 
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1979). Using cells pooled from five aged donors the responses were 
found to be reduced to 68% and 20% of the expected response levels to 
these antigens respectively. 
The authors proposed that such a result could be due to 
suppressor activity in one or more of the individuals. 
Alternatively, since the individuals showed marked variation in their 
response levels, they suggested that there was no ordered senescence 
of immune function, any decline in response being due to 
environmental factors unique to the individual. Such factors could 
induce changes in the relative proportion of different 
sub-populations within the immune system. The mixing of cells from 
such donors could result in sufficiently large disturbances in the 
relative proportions of these immunocompetent cells, to cause a poor 
immune response. 
A much clearer picture could be obtained by pooling cells from 
two old individuals at one tine. A comparison or responses by the 
pooled and single donor cells would allow clearer identification of 
the underlying mechanisms causing the reduced responsiveness. An 
alternative method would be the examination of the influences of 
cells from aged donors on the response by a young reference 
population. 
Using such an approach for in vitro and adoptive transfer 
studies, cells from aged animals were shown to vary widely in their 
responsiveness and in their effect on the young reference cells 
• 	(Makinodan et al. 1976). The cells pooled from old and young donors 
were found to mount responses lower, higher or equal to those 
expected with relative frequencies of 65%, 25% and 10% respectively. 
It was concluded, therefore, that reduced responses were due to 
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different factors in different individuals. 	Thus, increased 
suppressor activity was postulated to be the cause in the majority of 
cases (65%), reduced relative numbers and/or efficiency of 
immunocompetent cells in 25% of cases and reduced absolute numbers of 
immunocompetent cells in the remaining 10% of cases. However, these 
results could also be explained by a reduction in helper activity in 
25% of cases and suppressor cells being present in roughly equal 
numbers in each suspension in 10% of cases. 
Other workers have also found suppressor activity in aged 
animals by this method (Callard and Basten 1978b, Callard et at 1980, 
Dekruyff et j]. 1980). Such suppression was shown to be mediated by T 
cells and to influence both T-dependent and 1-independent responses. 
It was postulated that the suppression required an interaction 
between T cells of different phenotypes, such as Ly12Ia and 
Ly12Ia cells (Callard et at 1980). Thus, although suppressor 
activity has been shown to be of great importance, there was no 
evidence for such an influence on the primary response in this study. 
The ability of aged animals to mount a secondary response to 
SRBC was also investigated. Using an interval of 5 weeks between 
priming and boosting, the responses of aged animals were shown to be 
very variable compared with those of Individual young mice. Whereas 
some animals responded very poorly, others responded as well as the 
young controls. However, as judged by a predominance of the IgG 
response, the four aged animals were able to mount a secondary 
response. 
Reports on secondary responsiveness to SRBC are not always in 
agreement. Although early studies indicated an impairment of 
responsiveness (Makinodan and Peterson 1966a,1966b) more recent 
n 
studies generally agree that aged animals do show secondary 
responsiveness to SRBC (Makinodan a !J. 1971b, Finger at fl, 1972, 
Emmerling et al. 1973, Finger fl 1977). The reports do not agree 
in all respects, however. 
Makinodan et ib (1971b) found that the aged animals of a 
long-lived mouse strain were able to mount a vigorous secondary 
response, although lower than that of young controls. Such a 
response occurred in the absence of restitution of splenic 
structure. In young animals, antigen localises In the spleen 
follicles and proliferative activity in the germinal centres occurs. 
Such antigen treatment was believed necessary for the generation of 
memory cells. The authors concluded therefore that such follicular 
antigen localisation and germinal centre proliferation was not 
obligatory for the formation of memory cells in aged animals. They 
did suggest, however, that in the absence of germinal centres, the 
number of memory cells may be reduced. 
In contrast with the above study, boosting of animals of a 
short-lived mouse strain has been shown to restore splenic and lymph 
node structure (Finger et 11. 1972, Finger et aj. 1977) with the 
development of distinct germinal centres. The responses of aged 
animals under these conditions were shown not to differ from young 
controls. 
Such discrepancies were attributed to strain differences, the 
secondary antibody-forming potential of aged mice with a long life 
expectancy perhaps differing from that of short-lived mice (Finger .et 
iL 1977): Problems can occur regarding comparison of secondary 
responses reported by different workers, because of differences in 
experimental procedure. Strain, differences are of obvious 
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importance, but age, antigen dose and the interval between priming 
and boosting can also influence the response (Makinodan and Kay 
1980). 
The experiments of Finger et al. (1972, 1977) and Makinodan et, 
(1971b) differed in respect of mouse strain and antigen dose (4 x iü 
and 109 respectively). They agreed in respect of a 4 week interval 
between priming and boosting and the day 4 and 5 assays for young and 
old animals respectively (Makinodan et al. 1971b, Finger et al. 1972). 
In the present study, a challenge dose of 1 x 108 SRBC was used 
at intervals of 6-49 days after priming. Old and young animals were 
assessed for their IgG and 1gM responses 5 and 7 days after transfer 
and challenge. The strain used was long-lived compared with that 
used by Finger et at (1972, 1977). 
Using an adoptive transfer system with the above conditions, the 
results obtained in the present study are not in total agreement with 
those reported by other workers from in situ experiments (Makinodan 
et al. 1971b, Finger et al. 1972, 1977). With the exception of one 
animal which mounted IgG and 19M responses comparable with the young 
controls (100% and 68% respectively) all aged animals responded at 
less than 50% of control animals. This reduced level of response was 
shown by cells from individuals or pooled from a number of 
individuals. During the study, seventeen old groups mounted day 7 
1gM responses which were less than 10% of young control values. 
Similarly, low IgG responses were shown by fifteen, from a total of 
twenty-three old groups. Although such variation in individual 
responsivenessto primary challenge has been reported, to my knowledge 
there are no reports of such variation to a secondary challenge. 
The earlier studies by Makinodan et at (1971b) and Finger . 	ii, 
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(1972, 1977) had pooled data from groups of animals. Examination of 
responses by pooled cells in the present study indicates that 
although the kinetics of generation and persistence of memory were 
comparable in old and young animals, the responses of the aged 
animals were considerably reduced. The day 7 1gM response was found 
to vary between 1% and 50% of the control values at different 
transfer times, whereas the IgG response varied betwn4% and 32%. 
In this study, the responses of young and aged animals were each 
assessed at 5 and 7 days after transfer and challenge. The reduced 
responses by aged cells resulted from a comparison of the old and 
young responses on each day.. However, the previous workers had 
assayed the old responses a day later than the young (Makinodan et al. 
1971b, Finger et at 1972). Perhaps the reduced responses obtained in 
the present study were due to a slight delay in the initiation of the 
response by aged animals. However, a comparison of the day 7 
responses of aged donors with the day 5 responses of young donors 
still reflected a reduced response. With the exception of the 
response of the day 35 transfer, the day 7 DPFC responses of the 
pooled cells were between 2% and 25% of the young day 5 DPFC 
response. A similar comparison showed the IPFC response to be 
between 16% and 63% of young levels. The day 7 responses of the day 
35 transfer were higher than the day 5 control response. On the 
basis of such comparisons, it seems that the reduced responses were 
not due to a delay in the initiation of a response by the aged cells. 
It is interesting that the previous workers had used intervals 
of 4 weeks (Makinodan et al. 1971b, Finger et al. 1972) or 44 days 
(Finger et al. 1977) between primary and secondary challenge. Such 
schedules resulted in good secondary responses. In the present 
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study, the results of the pool from the day 35 transfer would compare 
favourably with these earlier reports, although by day 49, the 
responses were again severly reduced. 
The discrepancy between the adoptive transfer and in vivo 
results could well reflect a "ceiling" of response in the intact 
animal (Makinodan etal. 1971b). In an intact animal, the increase in 
the level between primary and secondary response is less in young 
than in old animals. It is possible therefore that regulatory 
mechanisms were imposing a blockade on the response in young 
animals. Since aged animals respond less well, in general, compared 
with young animals such a blockade would not come Into effect. By 
transferring cells into syngeneic irradiated recipients, the reponses 
of old-and-young cells could proliferate unimpaired. This situation 
could lead to an enhancement of differences between the Immune 
potential of young and aged cells. 
Thus, 	in 	the 	present 	study, 	primary 	and 	secondary 
responsiveness to SRBC in an adoptive transfer system have been shown 
to be greatly impaired. 	The •degree of impairment was variable 
between individuals. 	Despite such reduced potential, using cells 
pooled from old donors, the generation and persistence of memory were 
found to be comparable between young and aged donors. Some 
individual animals, however, were unable to mount a secondary 
response as assessed by a predominance of IgG PFC 7 days after 
transfer and challenge. The pooled responses were found not to 
differ from expected values at different transfer times, although 
there was a tendency for the day 7 IgS response to be lower than 
expected. 
The results of the present study are in contrast with those of 
ste 
earlier reports of in situ responses (Makinodan et fl, 1971b, Finger 
et al. 1972, 1977). The differences may be due to antigen dose or 
mouse strain used. They.do not appear to be due to any delay in the 
initiation of a response by aged animals, which would be missed by 
assaying old and young responses on the same day. Since histological 
studies were not performed on the spleens, it is not possible to say 
whether the reduced responses occurred in the presence or absence of 
restitution of spleen structure. The differences, however, may well 
be due to the type of system used. Using intact animals, regulatory 
influences may impose a "ceiling" on the response of young animals. 
When transferred into irradiated recipients the cells may be free of 
such influences and be allowed to proliferate unimpaired. Thus, the 
"true" immune - potential of young cells may be evident leading to an 
enhancement of the differences in the potential of old and young 
cells. 
vl 
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CHAPTER IV 
IN VITRO STUDIES 
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INTRODUCTION 
The polyclonal activation of lymphocytes by mitogens such as 
Con A, PHA or LPS, has long been used as a measure of immune function 
in humans (Hallgren et al. 1973) and experimental animals including 
mice (Hon et j. 1973). The in vivo functions of the cells 
responding to these mitogens remain obscure but increasing knowledge 
of cell surface markers in recent years is making possible their 
characterisation (Hirst et al. 1975, Callard and Basten 1978, Stanton 
et at 1978). 
The responses to P1-IA and Con A have been the focus of much 
investigation. Treatment of cells with anti-Q- antibody and 
complement abolishes their response to these mitogens whilst leaving 
their response to LPS intact. Conversely, treatment of cells with 
anti -immunoglobulin and complement abolishes responsiveness to LPS 
whilst leaving the responses to PHA and Con A intact (Stobo et al. 
1972, Rabinowitz 1975). In addition, thymus-deprived mice mount no 
response to PHA and a diminished response to Con A, which can be 
abolished by treatment with anti-O' and complement (Stobo and Paul 
1973). Thus, it is held that PHA and Con A stimulate I cells, whilst 
LPS stimulates B cells. 
Munine lymphoid populations show different patterns of 
responsiveness to P1-IA and Con A. Whereas spleen lymphocytes respond 
well to both mitogens, thymus cells, although responding well to Con 
A, respond poorly to PHA and bone marrow cells respond minimally to 
both. 
Stobo et al. (1972) 	examined this variability 	in 	the 
responsiveness of different lymphocyte populations. Blocking of the 
Con A binding to cell surfaces by ot -methyl-D-g1ucopyranosid was 
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found to abolish the proliferative response to the mitogen, 
indicating a requirement for a cell surface-mitogen interaction in 
the initiation of a proliferative response. However, it was found 
that such an interaction was not the only requirement since poorly 
responsive bone marrow cells bound as much 125 1-labelled mitogen per 
106 cells, as did the highly responsive spleen cells. In addition, 
spleen cells from thymus-deprived and intact mice bound similar 
amounts of labelled mitogen. Using covalent complexes of Con A with 
horseradish peroxidase or ferritin for light and electron microscopy, 
the binding of Con A to cells was seen to be very heterogeneous. 
Callard and Basten (1977) also noted heterogeneity in the amount 
of 1251-PHA bound to cells, using autoradiographic techniques. 
Whereas the majority of splenic lymphocytes were unlabelled or 
lightly labelled, a small portion (15%) showed intense labelling. No 
evidence of binding to spleen lymphocytes could be found in nude 
mice. Using a suicide technique they found that cells incubated with 
high specific activity 125 1-PHA, before culture with a stimulating 
dose of PHA, showed an 89% decrease in response compared with those 
pre-incubated with cold PHA. Their response to LPS, in contrast, 
remained unaffected. This indicated that the cells binding PM were 
those responding to it. 
The variation in the responses of the different populations to 
PHA and Con A suggested that different sub-populations may be 
reacting to the mitogens. The work of Stobo and Paul (1973) 
demonstrated that such differential responsiveness may distinguish 
between the TI and T2 sub-populations. The sessile, spleen-seeking 
T1 population was found to be more responsive to Con A than PHA, 
whereas the circulatory, lymph node-seeking T2 population was equally 
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responsive to both. 
Hirst et al. (1975) have shown the Con A responsive cells to 
express the Lyl antigen, whilst those responding to PHA express the 
Lyl and Ly2 antigens. In addition, Weiderhuber et al. (1976) have 
shown the Con A responsive cells to be Ia+ and the PHA responsive 
cells to be 1a. More recently, Stanton et al. (1978) found the PHA 
responsive cells to be Qa_1+. Treatment of cells with anti-Qa-1 and 
complement reduced the Con A response by only 40%, suggesting that 
the majority of Con A responsive cells are Qa-1. Thus, in general, 
the cells responding to PHA are of the phenotype Lylt 2 Ir Qa-P 
and those responding to Con A are Ly1 2 - Ia" Qa-1r. 
It is well established that responsiveness to PHA and Con A 
diminishes with age in humans (Hallgren .et al. 1973, Tice et al.1979, 
Hefton et al. 1980), mice (Hori et al. 1973, Hung et al. 1975a, 1975b, 
Abraham et al. 1977, Kay et al. 1979) and other experimental animals, 
such as rats (Kruisbeek 1976). 
The age-related decline in the PHA responsiveness of lymph node 
cells of different mouse strains and hybrids follows four basic 
patterns (Kay 1979). The response may peak early and then decline 
steadily (8C3F1, 86D2F1 and C57 B1/6 mice), it may peak late, followed 
by a steady decline (CV1,C57B1 and DBA/2 mice), it may peak early, 
remain high until old age and then decline rapidly (CBA/T6T6 mice) 
or, it may peak early, decline slowly and then plateau (C3H mice). 
A detailed study of the PHA responses and unstimulated cultures 
of spleen and lymph node cells from these eight medium and long-lived 
strains and hybrid, showed that the decline in the PHA response could 
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be classified into three types (Kay et al. 1979). Type I. exhibited 
by spleen and lymph node cells of B6D2fl1, CBA/T6T6 and CV1 mice and 
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spleen cells of C3H mice, was due primarily to an increased uptake of 
thymidine in the unstimulated cultures with age. Type II was due to 
a decreased proliferative response in the stimulated cultures, as 
shown by spleen and lymph node cells of 8C3F1 and DBA/2 mice and 
lymph node cells of C57B1/6 mice. Type III was due to an increased 
thymidine uptake in the unstimulated cultures, coupled with a 
decreased response in stimulated cultures. This type was shown by 
the lymph node and spleen cells of C57B1 mice, lymph node cells of 
C3H mice and spleen cells of C57B1/6 mice. 
The response to PHA is generally less than that to Con A. 	In 
young CBA and BaTh/c mice, the PHA 	Con A ratios were found to be 
0.72 and 0.7 respectively (Stobo and Paul 1973). Also, the response 
to PHA Is found to decline more rapidly than that to Con A. Thus, 
using (C57B1/6J •x Balb/c) F1 hybrids, Meredith et at (1975) found a 
significant decline in response to both mitogens with age, 
accompanied by increased background activity. The decline in 
response to PHA was more marked than that to Con A. Regardless of 
the increased background activity, the PHA Con A ratio was found to 
decrease from 0.42 in 6 month mice to 0.23 in 30 month mice 
uncorrected for background, or 0.1 when corrected for background. 
This decrease was taken to be Indicative of a greater decline In the 
circulatory, lymph node seeking T2 population with age. 
That there is a decrease in T cell mitogen responsiveness with 
increasing age is evident. However, the reason for the decrease is 
not fully understood. The decline in responsiveness does not appear 
to be due to culture conditions since it could not be attributed to a 
shift in dose or time kinetics or to increased survival of young 
cells in culture (Callard and Basten 1977, Kruisbeck 1978). However, 
Adler and Chrest (1979) using individual animals, showed a variation 
in response with cell density. Thus, some animals responded poorly 
regardless of cell density, whereas others showed increased responses 
with increased cell density. 
If the decline is not an artifact due to inappropriate culture 
conditions then it must be due to qualitative or quantitative defects 
in the I cells. Qualitative defects would include an altered 
capacity of old stimulated cells to undergo blast transformation 
resulting in an increased generation time, a diminished capacity of 
the responding cells to undergo repeated division or an increased 
susceptibility of ageing cells to suppressor cells Or factors. The 
cell surface may also be altered in some way, preventing triggering 
of proliferation following mitogen binding. 
Cell cycle studies during human and murine P1-IA responses suggest 
that the decline in response is not due to an Increased generation 
time (Abraham et al. 1977, Gershon et al. 1979, Hefton et al. 1980). 
However, whereas there was no evidence for a diminished capacity of 
responding cells from C57B1/6J mice to redivide (Abraham et al. 1977, 
Gershon et al. 1979), Hefton et al. (1980) found decreasednumbers of 
cells from ageing humans entering second and third division following 
P1-IA stimulation. Abraham et al. (1977) and Gershon et al. (1979) 
concluded that the decline was due to a reduction In the number of 
responding cells in C57B1/6J mice. However, Hefton et al. (1980), 
concluded that the decline in humans was due to a combination of a 
reduced number of responding cells and an impaired capacity of the 
responding cells to redivide. 
That fewer cells proliferate, following PHA stimulation of cells 
from ageing mice, was also shown by Callard and Basten (1977), using 
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coichicine to block spindle formation in CBA/H mice. However, this 
observation could result from a reduction in the potential number of 
responding cells (quantitative) or some defect in the potentially 
responsive cells, preventing them from responding. Alternatively, 
the responsive cells may be influenced by suppressor cells or factors 
(qualitative). 	No evidence for suppression of the old cells by 
factors or regulatory cells such as macrophages was found. 	Also, 
they could: find no evidence for a reduction in the numbers of 
responsive cells, since using autoradiography, 25% of spleen cells 
from old animals showed Intense binding of 125 1-PHA compared with 15% 
of young cells. In addition, using a suicide technique on young 
cells, preincubation with high specific activity 125 1-PHA abolished 
the response to PHA leaving the LPS response Intact. Thus, they 
concluded that the decline was due to a qualitative defect in the T 
cells themselves, such as metabolic or structural abnormalities 
preventing lymphocyte transformation and proliferation. 
Other workers have found evidence for inhibitory cells and 
factors which can influence the response of spleen cells to 
mitogens. Using Con-A stimulated cultures, it was found that 
interferon production increased with Increasing age of the donor and 
that the interferon could have an inhibitory effect on cell 
proliferation. The amount of interferon produced varied with the 
strain of the donor, spleen cells of CBA mice producing more than 
those of C57B1/6 mice (Heine and Adler 1977). 
Similarly, Globerson et al. (1981) found cells which suppressed 
the cells responsive to PHA and Con A. Using (C3Heb/J x C57B1/6J)F1 
hybrids, they separated spleen cells agglutinable by peanut 
agglutinin (PNA) from those not agglutinable (PNP). The PNA 
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fraction from aged animals had a suppressive effect which was not 
shown by the PNA fraction of young animals. Also, the proportion of 
PNA4  cells in the spleens of old animals was greater than in young 
(20-40% and 14-23% respectively). The PNA fraction was more 
reactive to PHA and Con A than unseparated cells but the addition of 
the PMA cells reduced the response. Thus, it seems that the PNC 
fraction contained potentially reactive cells whose expression was 
inhibited by the PNA cells. Treatment of the PNA fraction with 
anti-Thy 1.2 and complement showed that the inhibition was not 
mediated by T cells. 
LPS responsiveness decreases with age but generally later and to 
a lesser extent than responsiveness to T cell mitogens. Since B cell 
responses have normally been assessed in the presence of T cells, a 
decline may be due either to the B cells themselves or to regulatory 
effects of T cells. However, since suppression was not evident in 
mixing experiments, any decline in LPS response is likely to be due 
to a defect In the B cells themselves (Callard 1978). 
Kay et al. (1979) found that the IPS responses of lymph node 
cells from 8C3F1 and CBA/T6T5 mice correlated positively with age, 
whilst the responses of C57B1 and DBA/2. mice. correlated negatively 
with age. The response of DBA/2 mice was due to a decrease in the 
proliferative response of the stimulated cultures suggesting a real 
impairment of LPS responsiveness. 
Adler et al. (1977) questioned whether the LPS responsive cells 
In old animals were, in fact, B cells. Treatment of young C57B1/6 
spleen cells with anti-B serum and complement caused a large 
reduction in the LPS response, whereas treatment of old cells reduced 
the response by only about 50%. Older mice show an Increase in 
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larger sized, lower density cells in the spleen (Makindon and Adler 
1975), in which the LPS responsive cells are usually found. Thus, It 
seems that there is a correlation between the appearance of a new 
sub-population in the spleen from older animals and the higher degree 
of IPS responsiveness, but these cells may not carry B cell 
identification antigens. 
The reduced LPS response of ageing CBA/H mice was examined in 
detail by Callard et al. (1977). The decline was not due to altered 
kinetics or •greater survival of young cells in culture. Blocking of 
spindle formation with colchicine indicated that fewer cells were 
responding to the mitogenic stimulation. Since the total number of B 
cells was not decreased the authors concluded that the decline in 
responsiveness was qualitative rather than quantitative. 
Thus, it Is well established that responsiveness to PHA and 
Con A declines with age but there is disagreement over the cause for 
the decline, some workers favouring qualitative and others, 
quantitative defects. The response to LPS may decline, increase or 
remain constant with age. 	In the situations where a decline is 
evident some workers again favour a qualitative defect (Callard et al. 
1977) whilst others (Abraham et al. 1977) favour a quantitative 
defect. 
The following experiments attempt to standardise the culture 
technique used and to explore the responses of individual old mice to 
each of the three mitogens and the effects of mixing cells from 
different individuals. It was hoped that such mixing experiments 
would indicate whether or not suppressor cells were present in low 
responding animals. 
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RESULTS 
1. STANDARDISATION OF CULTURE CONDITIONS 
(a) The assessment of three sera for their ability to support a 
proliferative response to P1-IA by GSA spleen cells. 
The ability of different sera to support a proliferative 
response to mitogens or primary immune responses to antigens varies 
greatly between batches, resulting in their division into supportive 
and deficient sera (Schreier and Nordin 1976). The addition of 
2-ME enhances the supportive nature of FCS and is able to convert a 
deficient to a supportive serum, perhaps by activation of some 
component of that serum (Opitz etal. 1977). The ability to support a 
response, however, remains variable between batches even in the 
presence of 2-ME (Pike 1975). 
Thus, three heat-inactivated sera were tested for their capacity 
to support a proliferative response following stimulation with P1-IA. 
Spleen cells pooled from two 3 month CBA mice, were cultured at a 
concentration of I0 6 cells/well, with varying concentrations of PHA, 
in medium containing 15% (v/v) serum (serum 1: Pooled human AS serum, 
serum 2: Sera Lab FCS, Serum 3: Gibco Biocult FCS). The cultures 
were harvested after 3 or 4 days, a pulse of O.lpCi [ 125 I1-UdR being 
given for the final 24 hours. 
The results are expressed as the mean log10 cpm/well of 
triplicate cultures ± 1SD in Table 5 and as stimulation indices (SI), 
calculated as cpm stimulated cultures/cpm unstimulated cultures, in 
Table 6. - 
Unstimulated cultures showed an increased uptake of label in the 
presence of sera 2 and 3 compared with serum 1. This was 
particularly marked In the day 3 cultures, the background response 
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TABLE £ 





1.875 pg 	3.75 jug 7.5 pg 
Day 3 
Serum 18 2.26 ± 0•068b 2.48 ± 0.066 3.03 ± 0.072 NDC 
Serum 2 3.23 ± 0.023 3.33 ± 0.045 3.49 ± 0.025 2.99 ± 0.015 
Serum 3 3.10 ± 0.025 3.24 ± 0.059 3.35 ± 0.014 2.89 ± 0.005 
Day 4 
Serum 1 2.86 ± 0.079 2.99 ± 0.065 3.25 ± 0.001 3.39 ± 0.041 
Serum 2 3.10±0.025 3.18 ± 0.013 3.30±0.023 2.99 ± 0,061 
Serum 3 3.01 ± 0.023 3.07±0.009 3.14±0.015 2.88 ± 0.023 
a Serum 1: Pooled human AB serum. Serum 2: Sera Lab FCS. Serum 3: 
Gibco Riocult FCS (batch K5656015). 
b Mean 10910 cpm of 3 replicates ± 1SD. 
c ND = not done. 
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TABLE 6 
astimulation indices of spleen cells stimulated with PHA 





1.875 	3.75 	7.5 
Day 3 
Serum 1b 1.7 5.8 NDC 
Serum 2 1.2 1.8 0.57 
Serum 3 1.4 1.8 0.62 
Day 4 
Serum 1 1.4 2.5 3.4 
Serum 2 1.2 1.6 0.79 
Serum 3 1.2 1.3 0.74 
a Stimulation index (SI) calculated as cpm stimulated cultures 
cpm unstimulated cultures 
b Serum batches as in Table 5 
C ND - not done 
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with serum 1 being six to ten times lower than with sera 2 and 3. 
Thus, although the uptake of label in stimulated cultures 
appeared greatest with serum 2 and 3.75 )i9 PHA on day 3, the SI 
was less than 2. In comparison, the SI for cultures with serum 1 and 
3.75 pg PHA on day 3 was 5.8. Therefore, it appeared that the 
greatest discrimination between stimulated and unstimulated cultures 
could be obtained using serum 1 (Pooled human AB serum). 
(b) The effect of serum concentration on the response to PHA by 
spleen cells 
FCS In combination with 2-ME may be mitogenic for T cells (Lemke 
and Opitz 1976). This may account for the increased uptake of label 
by unstitnulated cultures In the presence of the two ECS batches 
tested. It was therefore decided to measure the response to PHA 
using different serum concentrations in the medium, to determine 
whether it was possible to dilute out any mitogenic effects, whilst 
leaving the supportive nature of the sera intact. 
Spleen cells, pooled from two 3 month CBA mice, were cultured at 
106 cells/well in medium containing 5, 10 or 15% (v/v) of the 
different sera, with 0, 4 or 8 pg PHA. The cultures were harvested 
after 3, 4 or 5 days, the results being shown in Table 7 (SI values 
are in parentheses). 
In general, both the maximum uptake of label and the greatest 
discrimination between the stimulated and unstimulated cultures were 
observed, with each of the sera tested, in the day 3 cultures. The 
reduced SI values obtained on days 4 and 5 were primarily due to an 
increased uptake in unstimulated cultures coupled with a decreased 
uptake in the stimulated cultures. . 
In this experiment, the uptake of label by unstimulated cells 
TABLE 7 
PHA responses of spleen cells cultured with 
different concentration of three sera. 
Serum and pg RIM/well 
day of 
harvest Unstimulated 4 8 
Day 3 
Serum la  .5% 2.89 ± 0032h 3 82 ± 0.036c(8.4) 3.69 ± 0.020 (6.2) 
10% 2.67 ± 0.036 3.51 ± 0.006 (6.9) 3.19 ± 0.116 (3.4) 
15% 3.27 ± 0.034 3.77 ± 0.015 (3.1) 3.36 ± 0.031 (1.2) 
Serum 2 5% 2.63 ± 0.132 3.14 ± 0.034 (3.2) 3.59 ± 0.008 (9.3) 
10% 2.79 ± 0.116 3.55 ± 0.020 (5.6) 3.66 ± 0.007 (7.2) 
15% 2.92 ± 0.129 3.51 ± 0.039 (3.9) 3.63± 0.022 (5.2) 
Serum 3 5% 2.71 ± 0.172 3.34 ± 0.039 (4.3) 3.49 ± 0.014 (6.0) 
10% 2.84 ± 0.128 3.36 ± 0.039 (3.3) 3.49 ± 0.052 (4.5) 
15% 2.79 ± 0.136 3.42 ± 0.032 (4.3) 3.48 ± 0.091 (4.9) 
Day 4 
Serum 1 5% 3.19 ± 0.097 3.65 ± 0.026 (2.9) 3.60 ± 0.006 (2.6) 
10% 3.06 ± 0.075 3.55 ± 0.011 (3.1) 3.42 ± 0.032 (2.3) 
15% 3.21 ± 0.015 3.75 ± 0.014 (3.5) 3.45 ± 0.038 (1.7) 
Serum 2 5% 2.82 ± 0.021 2.89 ± 0.019 (1.2) 2.10 ± 0.080 (0.2) 
10% 2.78 ± 0.028 3.20 ± 0.048 (2.7) 2.62 ± 0.135 (0.7). 
15% 2.81 ± 0.055 3.15 ± 0.037 (2.2) 2.79 ± 0.125 (1.0) 
Serum 3 5% 2.85 ± 0.007 3.24 ± 0.032 (2.4) 2.66 ± 0.179 (0.6) 
10% 3.13 ± 0.039 3.17 ± 0.039 (1.1) 2.51 ± 0.161 (0.2) 
15% 3.08 ± 0.047 3.14 ± 0.035 (1.1) 2.78 ± 0.193 (0.5) 
Day  
Serum 1 5% 3.31 ± 0.032 3.36 ± 0.072 (1.8) 3.78 ± 0.056 (3.0) 
10% 3.45 ± 0.090 3.51 ± 0.038 (1.2) 3.52 ± 0.053 (0.6) 
15% 3.23 ± 0.025 3.71 ±0.027 (2.9) 3.45 ± 0.026 (1.6) 
Serum 2 5% 2.66 ± 0.063 3.21 ± 0.051 (3.6) 2.80 ± 0.136 (1.4) 
10% 2.54 ± 0.151 3.14 ± 0.033 (3.9) 2.84 ± 0.106 (2.0) 
15% 2.63 ± 0.071 3.08 ± 0.040 (2.8) 2.86 ± 0.045 (1.7) 
Serum 3 5% 2.79 ± 0.041 3.23 ± 0.042 (2.7) 2.93 ± 0.007 (1.4) 
10% 2.89 ± 0.025 3.08 ± 0.050 (1.6) 2.69 ± 0.121 (0.8) 
15% 2.93 ± 0.051 3.05 ± 0.018 (1.3) 2.86 ± 0.123 (0.9) 
a Serum 1: Pooled human AB serum. Serum 2: Sera Lab FCS. Serum 3: 
Gibco Biocult FCS. 
b Mean logio cpm of 4 replicates ± 1SD. 
c Stimulation index (SI). 
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cultured with serum 1 tended to be higher than by those cultured with 
sera 2 and 3 on each day of harvest and with most serum 
concentrations. However, good discrimination between stimulated and 
unstimulated cultures with serum 1 was still evident despite this 
fact. 
The presence of serum 3 in the culture medium resulted in a 
consistent level of responsiveness on day 3, regardless of serum or 
PHA concentrations. However, both the maximum uptake of label and 
the highest SI were lower than those obtained with the other two 
sera. The maximum discrimination between stimulated and 
unstimulated cultures was seen with cells cultured in the presence of 
5% serum 1 and 4pg PHA (SI = 8.4) or 5% serum 2 and 8pg PHA 
(SI = 9.3). 
The day 4 responses of cells cultured with serum 2 and serum 3 
were reduced to a greater extent than with serum 1, being equal to or 
less than the unstimulated controls In many instances. The responses 
in the presence of serum 1 were also greatly reduced by day 5 but 
five of the six combinations still resulted in an SI greater than 1. 
The increased SI values observed with serum 2 on day 5, were due to a 
decreased uptake by unstimulated cultures rather than to an increased 
uptake by the stimulated cultures. 
As a result of the good discrimination between stimulated and 
unstimulàted cultures all further mitogen proliferation tests were 
performed in the presence of 5% serum 1, le pooled human AB serum. 
(O -Standardisa tion of the response to PHA by CRA spleen cells 
The proliferative responses of spleen cells, pooled from two 6 
month GSA mice and cultured at different concentrations In the 
presence of doubling dilutions of PHA, were studied. Cell 
n 
concentrations of 2.5, 5 or 10 x 10 5 nucleated cells/well and PHA 
doses of 0.5 to 4 pg/well were used. Cultures were harvested after 3 
or 4 days. 
Table 8 shows that the maximum proliferative response, assessed 
by the uptake of label, was again obtained on day 3. An increased 
uptake in unstimulated cultures with increasing cell dose was evident 
both on days 3 and 4. 	Considering the day 3 responses, cultures 
containing 2.5 or 10 x 10 5 cells showed an increased response with 
increasing PHA dose, the maximum response being obtained with 
2.5 x 105 cells and 4 pg PHA (SI = 19.2). This cell dose also gave 
good responses compared with unstimulated controls on day 4, although 
the level of the response was reduced. 
The high SI values obtained with 2.5 x 10 5 cells/well resulted 
in this cell concentration being used with 4 pg PHA, for further 
studies on the proliferative response to PHA. 
(d) Standardisation of the response to LPS by CBA spleen cells 
The responses of 2.5 and 5 x 105 spleen cells pooled from two 6 
month donors, to a variety of LPS concentrations, were measured after 
3 or 4 days in culture. 
An increase In cell concentration from 2.5 to 5 x 10 5/well 
resulted in a three and four-fold increase in [ 25 I]-lJdR uptake by 
unstimulated cultures on day 3 and 4 respectively (Table 9). Thus, 
although the magnitude of the proliferative response to IPS did not 
vary greatly with cell or IPS concentrations on day 3, the SI values 
did vary with cell dose (SI values 18.5 - 20.6 at 2.5 x 10 5 /well and 
5.0 - 5.9 at S x 105/well). The LPS concentration did not influence 
the level of the response by either cell dose. 
As with PHA, the response to LPS was reduced by day 4, that of 
n 
TABLE 8 
Mitogen and cell dose requirements for maximal 




0.5 	 1 	 2 	 4 
Day  
2.5 x 10 5 2.77 ± 0.0698 2.84 ± 0.009 3.48 ± 0.030 3.81 ± 0.050 
(1.8)b (2.1) (9.2) (19.5) 
5 x 105 3.19 ± 0.095 3.68 ,t 0.088 3.76 ± 0.034 3.67 ± 0.061 
(1.6) (4.9) (5.8) (4.8) 
10 	10 5 3.51 ± 0.060 3.53 ± 0.028 3.69 ± 0.096 3.77 ± 0.004 
(2.6) (2.8) (3.9) (4.8) 
Day 4 
2.5 x 10 2.74 ± 0.056 2.84 ± 0.065 3.44 ± 0.123 3.46 ± 0.014 
(1.7) (2.1) (8.4) (8.8) 
S x 10 5 3.23 ± 0.04 3.54 ± 0.038 3.56 ± 0.068 3.47 ± 0.045 
(1.4) (2.8) (2.9) (2.4) 
10 	10 5 3.52 ± 0.056 3.64 ± 0.048 3.63 ± 0.038 3.51 ± 0.096 
(3.0) (4.0) (3.9) (3.0) 
a Mean log10 cpm of 4 replicates ± 1SD 
b Stimulation index (SI). 
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TABLE 9 





10 	 20 40 
Day 3 
2.5 x 10 5 2.52 ± 0.0628 3.78 ±0.021 3.77 ± 0.052 3.83 ± 0.023 
(17.9) (20.6) 
5 x 10 2.99 ± 0.013 3.77 ± 0.050 3.69 ± 0.005 3.73 ± 0.005 
(5.9) (5.0) (5.4) 
Day 4 
2.5 x 10 5 2.51 ± 0.281 3.19 ± 0.028 3.09 ± 0.031 2.86 ± 0.082 
(4.8) (3.8) (2.2) 
5 x 10 5 3.10 ± 0.059 3.08 ± 0.074 3.08 ± 0.051 2.84 ± 0.059 
(0.95) (0.95) (0.56) 
a Mean loglo  cpm of 4 replicates ± 150 
b Stimulation index (SI). 
SI- 
S x 105 cells being reduced to background levels or lower. 	The 
reduced responses were due to decreased uptake of label in the 
stimulated cultures rather than to an increased uptake in 
unstimulated controls. 
Since the level of the response was not influenced by LPS 
concentration between 10 and 40 pg/well, cell dose requirements were 
studied further using lOpg/welI. Spleen cells were pooled from two 
6 month donors and cultured at six different concentrations from 
5 x 105 to s x 106 cells/well. The cultures were harvested after 3 
or 4 days. 
With increasing cell concentration, the uptake of label by 
unstimulated cultures on day 3 showed a marked rise. The increase 
was linear between 105  and 1.5 x 106 cells/well with a slope of 1.2 
(Table 10, Figure 5). A linear increase in uptake of label was also 
observed in the stimulated cultures between 5 x 104 and 2.5 x io 
cells/well, but with a slope of 1.86 (correlation 0.99). A slope of 
2 is normally indicative of a requirement for two cell types in the 
response. However, LPS is generally held to be independent of T 
cells in mice. In addition, the slope approaching 2 is in contrast 
with that approaching 1 obtained by Adler and Chrest (1979) using 8 
week C57B1/6 mice. 
Although the maximum SI (78.8) was observed on day 4, the 
results on this day tended to be variable, a sharp increase in SI 
values being seen between 0.5 x 10 5 and 1 x 105 cells/well followed 
by a marked decrease between 1 x 10 5 and 2.5 x 105 cells/well. The 
high SI at 1 x 105  cells/well was due to a decreased uptake by 
unstimulated cultures. 
The responses on day 3 showed a different pattern, the 
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TABLE 10 
Cellular requirements for a response to LPS 
by CBA spleen cells 
Cell 	concf 
well 
Untimulated 10 pg LPS 
(SI) 
Day  
0.5 x 10 5 1.62 ± 033a 2.41 ± 0.231 (6•2)b 
1 x 10 1.69 ± 0.103 3.12 ± 0.106 (26.8) 
2.5 x 105 2.15 ± 0.077 3.72 ± 0.092 (37.6) 
5 x105 2.57 ± 0.115 3.93± 0.043 (22.7) 
10 x 10 5 2.89 ± 0.056 3.77 ± 0.131 (7.64) 
15 x 105 3.02 ± 0.067 3.81 ± 0.064 (6.2) 
Day 4 
0.5 x 105 1.64 ± 0.323 1.79 ± 0.120 (1.5) 
1 x 10 1.45 ± 0.093 3.34 ± 0.131 (78.8) 
2.5 x 105 2.44 ± 0.029 3.64 ± 0.077 (16.1) 
5 x 105 2.48 ± 0.071 2.96 ± 0.092 (2.9) 
10 x 10 5 2.92 ± 0.104 3.19 ± 0.098 (1.88) 
15 x 10 5 3.04 ± 0.075 3.39 ± 0.013 (2.2) 
a Mean 10910  cpm of 4 replicates ± 1SD 
b Stimulation index (SI). 
wpm 
Figure 5. 	Responses of different numbers of spleen cells to IPS. 
Speen cells, qpoled from two 6 month donors, were cultured at £ x 
10 to 5 x 10 cells/well with ( • ) or without ( A  ) 10 pg LPS. 
Cultures were harvested after 3 days. The results are expressed as 
the mean cprn ± 1SD of 4 replicate cultures. 






Cell concentration /well 
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SI values increased from 0.5 x 105 well to a peak at 2.5 x 10 5/well, 
followed by a reasonably symetrical decline. Since the SI values 
were similar with either 1 x 10 5 or 5 x 10 5 cells/well and, although 
less than with 2.5 x 10 5 cells/well, still showed good discrimination 
between unstimulated and stimulated cultures, the concentration of 
2.5 x 105/well was chosen. Thus, any slight variation in cell 
concentration/well would still lead to a good proliferative response. 
Therefore, in all future studies of LPS stimulation, 2.5 x iO 
spleen cells were cultured with 1 0 p LPS and harvested after 3 days. 
(e) Standardisation of the response to Con A by CBA spleen cells 
Spleen cells pooled from two 6 month CRA mice were cultured at 
concentrations of 2.5 x 105 and 5 x 105 cells/well in the presence of 
0, 1, 2 or 4_pg Con A and harvested after 3 or 4 days. 
As in previous experiments an increase in cell concentration 
resulted in increased uptake of label by unstimulated cultures (Table 
11). Maximum responses on each day were seen with a dose of 1_pg Con 
A/well. The very high SI obtained with 2.5 x io cells on day 4 
(19.4) was a reflection of low background labelling in the 
unstimulated cultures. With the exception of this one high value, 
the SI values for both days were similar following stimulation with 1 
ug Con A. Thus, the dose of lpg was used in conjunction with 2.5 x 
105 spleen cells and a culture period of 3 days. 
2. COMPARISON OF THE RESPONSES OF POOLED AND INDIVIDUAL SPLEEN CELLS 
SUSPENSIONS FROM YOUNG AND OLD ANIMALS 
Many studies on the mitogen responsiveness of cells from aged 
animals have used cells pooled from a numbers of individuals, or have 
pooled the results from a number of individuals (Abraham et al. 1977, 
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TABLE 11 




pg Con A/well 
1 	 2 4 
Day 3 
2.5 x 105 2.11 ± 0.067a 3.10 ± 0.003 2.91±0.073 2.97 ± 0.017 
(9.8)b (6.3) (7.3) 
5 x 105 2.33 ± 0.026 3.41 ± 0.017 3.31 ± 0.022 2.92 ± 0.026 
(11.9) (9.4) (3.8) 
Day 4 
2.5 x 105 2.09 ± 0.035 3.39 ± 0.035 3.01 ± 0.013 2.68 ± 0.039 
(19.4) (8.1) (3.8) 
5 x 105 2.60 ± 0.022 3.57 ± 0.022 3.35 ± 0.117 2.75 ± 0.066 
(9.2) (5.6) (1.4) 
a Mean 10910 cpm of 4 replicates ± 1SD 
b Stimulation index (SI).. 
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Callard et al. 1977, Kay 	n al .1979,). Since individuals may show 
contrasting changes with age, the validity of using cells pooled from 
a number of aged animals was questioned (Nordin and Adler 1979). 
Thus, experiments were performed to compare the responses of pooled 
and individual spleen cell suspensions. 
(a) Responses of young adult mice to PHA, Con A and L'S. 
The variation in responsiveness of young adult mice was examined 
initially. Young adult mice were used as controls throughout these 
studies, to ensure that the control responses to different stimuli 
were mounted by Immunologically mature cells (Kay 1979). 
Spleen cell suspensions were prepared from each of seven mice. 
In addition, an eighth suspension was prepared by mixing equal 
numbers of cells from the seven suspensions to form a pool. Each 
suspension was cultured at 2.5 x 10 5 cells/well, with or without 
mitogen. The results of two experiments, one using 3 month donors 
and one using 6 month donors, are shown in Tables 12 and 13. In 
addition, Table 14 summarises the p values obtained using Student's t 
test for comparison of the mean responses of each suspension with 
every other suspension stimulated with the same mitogen, within the 
same experiment. 
Tables 12 and 13 indicate that the responses of the different 
suspensions within each experiment did not exhibit a wide variation. 
However, as shown in Table 14, some of the variation was found to be 
significant. Of the total number of comparisons (224) made for the 
two experiments (28 for each mitogen), only eight of the 
comparisons showed these differences to be significant at the 0.1% 
level. 
Comparison of the responses of individual suspensions from the 
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TABLE 12 
Mitogen responses of seven 3 month CBA mice 
and a pool of their cells. 
Animal 
No 
tinstimulated PHA LPS Con A 
1a 1.53 ± 0.270b 3.59 ± 0.032 3.86 ± 0.024 3.81 ± 0.057 
2 2.18 ± 0.224 3.52 ± 0.044 3.87 ± 0.039 3.78 ± 0.026 
3 2.06 ± 0.089 3.49±0.015 3.81 ± 0.027 3.85 ± 0.027 
4 2.01±0.157 3.55 ± 0.034 3.82 ± 0.006 3.79 ± 0.047 
5 2.09 ± 0.175 3.55 ± 0.027 3.91 ± 0.035 3.73 ± 0.018 
6 2.03 ± 0.106 3.58 ± 0.028 3.84 ± 0.017 3.81 ± 0.012 
7 2.00 ± 0.042 3.55 ± 0.040 3.89 ± 0.036 3.73±0.041 
p001c 2.03 ± 0.108 3.59 ± 0.015 3.89±0.024 3.76 ± 0.036 
a Individual donors. 
b Mean logio cpm/well + 1SD of 4 replicates. 
C Pooled suspension containing equal numbers of spleen cells from 
each of the seven donors. 
TABLE 13 
Mitoqen responses of seven 6 month CBA mice 
and a i,00l of their cells 
Animal 
No 
linstimulated PHA LPS Con A 
1a 1.87 ± 0168b 3.23 ± 0.076 3.48 ± 0.077 3.57 ± 0.130 
2 1.88 ± 0.104 3.33 ± 0.051 3.68 ± 0.050 3.56 ± 0.110 
3 1.93 ± 0.115 3.14 ± 0.114 3.37 ± 0.182 3.65 ± 0.209 
4 1.70 ± 0.031 3.24 ± 0.020 3.43 ± 0.041 3.55 ± 0.044 
5 1.95 ± 0.406 3.31 ± 0.022 3.49 ± 0.112 3.69 ± 0.142 
6 1.61 ± 0.018 3.16 ±0.068 3.48 ± 0.047 3.69 ± 0.071 
7 1.73 ± 0.262 3.21 ± 0.046 3.48 ± 0.073 3.89 ± 0.100 
Poole 1.81 ± 0.248 3.25 ± 0.055 3.50 ± 0.027 3.85 ± 0.032 
a Individual donors. 
Mean 10910 cpm/well + 1SD of 4 replicates. 
C Pooled suspension containing equal numbers of spleen cells from 
each of the seven donors. 
- 79 - 
TABLE 14 
Frequency of significant variation in mitogen responses 
exhibited by seven individual and one pooled suspension 
from 3 month or 6 month donors. 
3 month donors 
Number of comparisons (total 
<oo5b 	pcO.Ol 	p.cO.001 
28) with:- 
NS (p>O.OS) 
Unstimulated 5 2 0 21 
PHA 6 4 1 17 
LPS 8 4 1 15 
Con  6 3 2 17 
6 month donors 
Unstimuláted 2 4 0 22 
PHA 3 5 0 20 
LPS 3 4 2 19 
Con  2 5 2 19 
a 28 comparison for each mitogen. 
b Significance values calculated using Student's t test on log 
transformed' data. 
n 
3 month donors with the pool showed that animals 2, 3 and S gave 
reduced responses to PHA (p--z0.05 p<0.001 and pc0.05 respectively), 
animals 1, 3, 4 and 6 gave reduced responses to LPS (pc 0.05, p 
'0.01, pc0.001 and pc 0.05) and animal 3 gave an increased response 
to Con A (p.CO.01). Of the 6 month donors, animals 1, 2, 4 and 6 
gave reduced responses to Con A (pc0.001 for animal 4 and pC  0.01 
for the remainder) and animal 4 also gave a reduced response to LPS 
(p -C 0.05). None of the individual suspensions differed from the 
response of the pool to PHA. 
The conclusion from these experiments was that although there 
was some significant variation between individuals, as expected, the 
results were homogeneous, considering the number of comparisons 
made. 
(b) Comparison of the responses of two young adult and three old CRA 
mice and pools of their cells to PHA 
A similar experiment was performed using cells from two 6 month 
donors as individual and pooled suspensions (Yl, Y2, V Pool) and from 
three 30 month donors (1, 2, 3, Pool). As previously described, the 
pools consisted of equal numbers of cells from each donor comprising 
that pool. Cells from each suspension were cultured at 2.5 x iü 
with or without PHA. 
The uptake of label by unstimulated cultures was shown not to 
vary between individuals (Table 15). The PHA responses of young 
donors were found not to differ from each other or from the responses 
of the pool. The responses of the old donors were considerably 
reduced compared with those of the young adults, animal 3 showing a 
lesser reduction. In contrast with the 6 month donors, the old 
animals mounted responses differing significantly from each other and 
TABLE 15 
Responses of young adult (6 month) and old (30 month) 
CBA sDleen cells to PHA 
Suspension linstimulated PHA 
Vi 1.93 ± 0105a 3.43 ± 0.088 
• 	'(2 2.09 ± 0.105 3.35 ± 0.053 
V Pool . 	2.06 ± 0.107 3.36 ± 0.040 
1 1.95 ± 0.142 2.89 ± 0.079 
2 1.95 ± 0.078 2.25 ± 0.079 
3 2.13 ± 0.160 3.15 ± 0.109 
Pool 1.99 ± 0.124 2.97 ± 0.049 
a Mean logio  cpm of 4 replicates ± 150. 
with the exception of animal 1, from the pool. Thus, animals 1 and 2 
gave reduced responses compared with animal 3 (p .c 0.01 and p  0.001 
respectively), animal 2 giving a reduced response compared with 
animal 1 (p c 0.001). The pooled suspension gave an increased 
response compared with animal 2 (p.c 0.001) but a reduced response 
compared with animal 3 (p.c 0.05). 
The mean response by animals Vi and Y2 (3.39 ± 0.079) was 
comparable with that of the pool (3.36 ± 0.04). However, the mean 
response of the old animals (2.76 ± 0.412) was about half that of the 
pool (2.97 ± 0.049), whereas the mean responses of animals 1 and 3 
(3.02 ± 0.163) was comparable with that of the pool. 
Thus, the reduced response by animal 2 was apparently not due to 
suppressor cell activity since the response of the pool was greater 
than expected. It is possslble, however, that one or more cell types 
were limiting in animal 2 which were supplied by animal 1 and/or 
animal 3 in the pooled suspension, resulting in synergy. Considering 
the agreement between the mean response of animal 1 and animal 3 with 
the pool, another possibility, Is that the response of animal 2 was 
suppressed by the cells of 1 and 3 and that the response of the pool 
only reflected the responses of these two animals. 
The results from the three old donors, confirm that aged. CM 
spleen cells are impaired In their ability to proliferate following 
PHA stimulation. They also confirm the greater variation of 
responsiveness exhibited by old cells compared with young donor 
cells. 
(c) Further studies on the responsiveness, to mitogens, of spleen 
cells from individual animals and pools of their cells 
Spleen cells from three old mice (1, 2, 3), 31 months of age, 
were tested for their responsiveness to PHA and LPS in Comparison 
with spleen cells pooled from two 5 month donors (young). In 
addition, equal numbers of Cells from the old donors were pooled in 
different Combinations (1 + 2; 1 + 3; 2 + 3 and 1 + 2 + 3) to assess 
whether any combination resulted in synergy or suppression. 
Individual and pooled suspensions were Cultured at 2.5 x io 
cells/well with or without mitogens. 
Each of the seven suspensions Containing aged cells gave reduced 
responses to both mitogens compared with the S month pool (Tables 16 
and 17). The background responses were found not to vary greatly. 
Comparison of the background uptake of label by each suspension (28 
comparisons in all) showed significant differences in only six 
combinations (5 pc 0.05 and 1 pc0.01). The responses to LPS were 
reduced to a lesser extent than those to PHA. The maximum response 
of aged cells to PHA was 42% of the young adult control level and the 
minimum response only 6% (suspension 3 and 1 respectively). In 
contrast, the lowest response to LPS by aged cells was 46% of the 
control and the highest was 88% (suspension 2 and 2 + 3 
respectively). Table 17 shows that there was also less variability 
in the response to IPS. Although seventeen combinations showed 
significant differences In their LPS responses, only three were 
highly significant (p c 0.001). In contrast, of the twenty-two 
combinations showing siginficant differences in the PHA response, 
thirteen were significant at p< 0.001. 
With the exception of suspension 2+3, the expected and observed 
responses to LPS by the pooled suspensions were in .close agreement 
(Table 16). Combination 2 + 3 resulted in a higher response than 
expected (3.70 * 0.034 cf 3.49 ± 0.090) perhaps being indicative of 
n 
TABLE 16 
Mitogen responses of spleen cells from individual aqed donors 
Suspension linstimulated PHA LPS 
1 2.13 ± 0.019a 2.32 ± 0.087 3.68 ± 0.026 
2 1.96 ± 0.002 2.90 ± 0.015 3.42 ± 0.035 
3 1.78 ± 0.150 3.14 ± 0.395 3.56 ± 0.069 
1+2 obsb 2.07 ± 0.042 2.97 ± 0.058 3.63 ± 0.036 
expC NDd 2.61 ± 0.320 3.55 ± 0.145 
1+3 cbs 2.12 ± 0.015 2.56 ± 0.118 3.57 ± 0.049 
exp NO 2.73 ± 0.045 3.62 ± 0.081 
2+3 obs 2.14 ± 0.075 2.94 ± 0.018 3.70 ± 0.034 
exp NO 3.02.± 0.137 3.49 ± 0.090 
1+2+3 obs 1.95 ± 0.068 3.04 ± 0.063 3.55 ± 0.086 
exp NO 2.78 ± 0.370 3.55 ± 0.119 
Young 1.96 ± 0.081 3.52 ± 0.035 3.76 ± 0.006 
a Mean log of 3 replicate ± 1SD. 
b Observed responses by cultured pooled cells. 
c Expected reponses of pooled cells, calculated by taking the mean 
cpm/well of the suspensions comprising the pool. 
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synergy. The observed and expected responses by the pool 1 + 2 + 3 
were virtually identical (3.55 ± 0.086 and 3.55 ± 0.119 
respectively). 
The PHA responses showed a greater discrepancy between observed 
and expected values. The observed values for pools 1 + 2 and 
1 + 2 + 3 were higher (2.3 and 1.8 times respectively) and those of 
pools 1 + 3 and 2 + 3 were lower (0.7 and 0.8 times) than expected. 
Suspensions 1 and 2 alone, mounted the lowest responses to PHA, 
whereas ,  in combination they produced a response comparable with the 
sum of their responses rather than the mean. This suggests that one 
or more cell types were limiting In one or both of the individual 
suspensions which were present in sufficient numbers in the other 
suspension, to produce a synergistic effect. In comparison, 
suspension 3 mounted a good response to PHA, but when pooled with 
suspension 1, the response was lower than expected. This was 
unlikely to be due to suppression since there was no indication of 
this in other pools containing suspension 1. Perhaps the cells 
postulated to be limiting in suspension 1 could not be supplied by 
suspension 3, or alternatively, a cel.l type which was already 
limiting In suspension 1, and was at reduced but not limiting levels 
in suspension 3, was diluted sufficiently by pooling the suspensions 
to result in a reduced response. 	The response by pool 2 + 3, 
although lower, did not differ greatly from that expected. 	The 
response of pool 1 + 2 + 3 was again higher than expected by taking 
the mean response of suspension 1 + suspension 2 + suspension 3. 
However, the response was comparable with the mean of the responses 
of pool 1 + 2 and suspension 3 (3.04 ± 0.063 and 3.06 ± 0.106 
respectively) which again indicates some form of synergistic effect 
by combining cells from animals 1 and 2. 
n 
This experiment indicates the necessity to study cells from aged 
donors as individual suspensions rather than pooled suspensions, 
particularly with regard to the P1-IA response. 	For instance, 
comparison of pool 1 + 2 + 3 with the young adult pool would have 
indicated a reduction of 66% in PHA responsiveness by aged cells. 
This would not have reflected that whereas the response of animal 3 
was reduced by only 60% that of animal 1 was reduced by over 90%. 
Similarly, the response of pool 1 + 2 + 3 to LPS was reduced by 40% 
whereas those of suspensions 1, 2 and 3 were reduced by 20 to 60%. 
The experiment also indicates some evidence for synergy between 
cells of different aged animals but not for suppression. It is 
difficult to see which cells may be causing the higher observed 
response to LPS by pool 2 + 3, since the response to LPS is reported 
to be independent of T cells. Also, aged accessory cells are not 
impaired functionally with age (Callard 1978). There is, however, an 
indication that cells responding to LPS from aged donors are not 
necessarily B cells (Adler et al. 1977), since when using an anti-B 
cell serum and complement, the responses of young animals to LPS were 
reduced by > whereas those of old animals showed less than 50% 
reduction. 
(d) Responses to mitogens by old and young adult spleen cells 
cultured In different combinations 
A more extensive study was carried out, in which the influence 
of cells from aged donors on those of other aged donors, or a young 
adult pool (Y) were examined. The experiment was performed as 
described previously, but using 30 month and 6 month donors and 
including stimulation by Con A. The suspensions from the aged donors 
were again cultured individually or as aged pools, but in addition, 
n 
each suspension was pooled with the young adult pool (1 + Y, 2 + 
3 + 'v). 
The responses to the three mitogens are shown in Table 18, 
whilst Tables 19a-c summarise the significance values obtained by 
statistical comparisons between the responses of each suspension. 
With the exception of suspension 1, which showed a reduced uptake of 
label by unstimulated cultures, very litle variation in background 
labelling occurred. 
Ii) PHA Responses. 	Considering the individual suspensions, 3 
was able to mount a higher response than 1 or 2, but all three were 
considerably reduced compared with the control pool (p C  0.001). 
Indeed, any suspension which consisted only of aged cells showed a 
marked reduction in the level of the response compared with V. In 
contrast, suspensions containing cells pooled from old and young 
donors mounted responses comparable with that of the young cells 
alone M. Thus, although old cells were reduced in their capacity 
to respond to PHA and their performance could not be improved by 
mixing with cells from other aged donors, when combined with young 
adult cells, their responsiveness did appear to be Improved. 
Table 18 includes the values of responses expected by the pools, 
obtained by combining the responses of the individual suspensions in 
each pool and calculating the mean log value. Close agreement was 
seen between the observed and expected values for the pools of old 
cells, expected values being 93-113% of those observed. In contrast, 
the expected values for the pools of old and young cells were 
considerably lower than observed (60-80% observed values). Thus the 
reduced responsiveness by aged animals was apparently not due to 
suppressor cell activity. The greatly enhanced responses obtained by 
TABLE 18 
Mitogen responses of old and young adult spleen cells 
cultured in different rnmhinatinnc 
Suspension Unstirnulated PHA LPS Con A 
1 2.11 ± 6.117a 3.42 ± 0.035 3.88 ± 0.063 3.80± 0.023 
2 2.49 ± 0.090 3.40±0.026 3.98 ± 0.033 3.89 ± 0.022 
3 2.67±0.079 3.56 ± 0.041 3.84 ± 0.054 4.03 ± 0.063 
1+2 obs 2.31 + 0.096 3.38 ± 0.094 4.00 ± 0.039 3.87 ± 0.043 
exp NO 3.41 ± 0.030 3.93 ±0.071 3.85 ± 0.056 
1+3 obsb 2.64 ± 0.224 3.54 ± 0.063 3.40 ± 0.049 3 ,.97 ± 0.039 
expc NO 3.50 ± 0.084 3.86 ± 0.059 3.93 ± 0.135 
2+3 obs 2.59 ± 0.225 3.42 ± 0.038 3.96 ± 0.021 3.97 ± 0.038 
exp NO 3.48 ± 0.095 3.91 ± 0.086 3.96 ± 0.087 
1+2+3 obs 2.42 ± 0.049 3.41 ± 0.017 3.99 ± 0.038 4.03 ± 0.025 
exp NO 3.47 ± 0.085 3.90 ± 0.078 3.92 ± 0.108 
1+Y obs 2.34 ± 0.158 3.78 ± 0.017 4.57 ± 0.012 3.94 ± 0.043 
exp NO 3.65 ± 0.217 4.17 ± 0.314 3.98 ± 0.170 
2+Y obs 2.49 ± 0.073 3.82 ± 0.061 4.51 ± 0.037 4.05 ± 0.054 
exp NO 3.61 ± 0.229 4.22 ± 0.259 4.00 ± 0.119 
3+'( obs 2.60 ± 0.075 3.78 ± 0.016 4.45 ± 0.032 4.05 ± 0.054 
exp NO 3.69 ± 0.144 4.15 ± 0.335 4.07 ± 0.061 
Young Pool 2.66 ± 0.185 3.83± 0.056 4.46 ± 0.056 4.113 ± 0.023 (v) 
a Mean log of 4 replicates cultures ± 1SD. 
b Observed responses cultured pooled suspensions. 
c Expected responses of pooled cells, calculated by taking the mean 
of the cpm/well of the suspensions comprising the pool. 
NO - not determined. 
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TABLE 19a 
Statistical comparison of data from Table 18 
(significance values)d 
PHA Responses 
2 3 1+2 1+3 2+3 1+2+3 1+? 2+? 3+? yb 
2 




1+2+3 ***t ** 	t ***t ***$ 
1+? - - - 
2+? - - 
3-i-y 
a Significance determined using Student's t test and depicted as 
*** pc0,00J, ** P-<0.01, * pc0.05, - Not Significant. 
b Pooled young adult control. 
- Indicates that the response of the suspension vertically was 
greater than that of the suspension horizontally. 
t Indicates that the response of the suspension horizontally was 
greater than that of the suspension vertically. 
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pooling old and young cells could have resulted from the supply, by 
young cells, of cell type(s) which were limiting in the aged 
suspensions. However, since the discovery of contrasuppression 
(Green et al. 1983), one can no longer be sure that such mixing 
experiments argue against the presence of suppressor cells in old 
animals. Young animals, may exhibit more effective contra suppression 
than that seen in old animals. 
LPS Responses. The responses of the old suspensions to LPS 
were also reduced compared with the responses of any suspension 
containing young cells (Table 19b). 	In contrast with the PHA 
response however, combination of suspension 1 with the control pool 
(1 + Y) resulted in a response higher than that of Y (p.cc 0.05). As 
with PHA, variation in the responsiveness of the individual 
suspensions was observed, 1 and 3 being reduced compared with 2. 
Expected and observed values for the responses of the pools 
showed less agreement than for PHA. In all instances, the observed 
values were higher than expected, the greater discrepancy being shown 
by the pools containing young cells. The expected values were 70-90% 
and 39-50% of the observed values, for pooled old, and pooled old 
and young cells respectively. 
Con A Responses. 	The responses to Con A were less 
variable with more than half of the comparisons in Table 19c not 
being significant at p c 0.001. 	In contrast with the IPS and PHA 
responses, suspension 3 was able to mount a response comparable with 
that of the control pool. 	The responses of the three individual 
suspensions again differed significantly, with 1 being reduced 
compared with 2 (p< 0.01) which in turn, was reduced compared with 3 
(pc 0.01). In many instances suspensions of old cells gave responses 
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TABLE 19b 
Statistical comparison of data from Table 18 
(significance values) 
LPS Responses 







1+2+3 ***t ** 	f ***t ***t 
1+?  
2+Y - - 
3+y - 
a, Significance determined using Student's t test and depicted as 
*** P 4 0.001, ** pc0.01, * pc0.05, - Not Significant. 
b Pooled young adult control. 
Indicates that the response of the suspension vertically was 
greater than that of the suspension horizontally. 
t Indicates that the response of the suspension horizontally was 
greater than that of the suspension, vertically. 
TABLE 19c 
Statistical comparison of data from Table 18 
(significance values)a 
Con A Responses 
2 3 1+2 1+3 2+3 1+2+3 1+Y 2+Y 3+y yb 




1+3 - - - - - 
2+3 - - - - 
1+2+3  
1+Y * 	t* t** t 
2+Y - - 
3+y - 
a Significance determined using Student's t test and depicted as 
*** pc0.001, ** p< 0.01, * p< 0.05, - Not Significant. 
b Pooled young adult control. 
Indicates that the response of the suspension vertically was 
greater than that of the suspension horizontally. 
t Indicates that the response of the suspension horizontally was 
greater than that of the suspension vertically. 
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comparable with the pools of young and old cells. 
Comparison of the expected and observed values of responses to 
Con A showed that the pool of old cells (1 + 2 + 3) had an expected 
value which was only 60% of that observed. For all other pooled 
suspensions, the expected values were 90-110% of those observed. 
Thus, in contrast to the responses to P1-IA and LPS, there was some 
indication of enhancement of the response by pooling old cells 
whereas no enhancement resulted from mixing with young cells. 
sr.r 
DISCUSSION 
The responses to P1-IA, IPS and Con A were standardised using 
cells pooled from 3-6 month donors. 	Comparisons of stimulation 
indices (ratio of cpm stimulated cultures 	cpm unstimulated 
cultures) were used as guidelines to determine the optimal 
Conditions, since in each standardisation experiment, a single 
suspension was used. 	A variety of methods are used by workers to 
describe responses to mitogens. 	Some use the differences between 
stimulated and unstimulated cultures (Stobo et al. 1972, Adler and 
Chrest 1979, Callard 1978) some use stimulation indices (Buckley et 
al.1973, Kay et a_1-1979), whilst others do not correct for background 
labelling (Abraham et al. 1977, Rabinowitz 1975). Since the uptake of 
label by unstimulated cultures is reported to increase with age (Kay 
et al. 1979), It was decided not to correct for background labelling 
but to include these levels in the results. In the experiments 
described, little variation In background labelling was observed 
within experiments although in some instances, single suspensions 
were found to differ from all others, eg suspension 1 Table 12. 
As expected the variation in responsiveness shown by young 
animals was found to be less than for old animals (Tables 8, 9 and 
11). By expressing the lowest response to a mitogen as a percentage 
of the highest response, values of 79%, 85% and 76% for 3 month 
donors and 66%, 49% and 46% for 6 month donors, were obtained for 
P1-IA, LPS and Con A stimulation respectively. A comparison of the 
responses of two young adult and three old individuals to P1-IA, showed 
that the lowest response by a young animal was 83% of highest young 
response, whereas the equivalent comparison for the old cells was 
only 12%. Thus, although some variation in responsiveness was 
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evident in young adult donors, this was minor compared with that of 
old donors. Consequently, In experiments examining the responses of 
old cells, a suspension of cells pooled from two or three donors was 
used as the young control population. 
The experiments described, confirm that old cells are impaired 
in their ability to mount a proliferative response following 
stimulation by mitogens, as shown by other workers (Meredith et al. 
1975, Callard and Basten 1977, Gershon et al. 1979, Kay et al. 1979). 
However, they also show that the level of impairment varies 
considerably between Individuals and that some old animals are able 
to mount a response comparable with the young control (suspension 3, 
Table 19c). The importance of looking at the responses of individual 
animals is also indicated. For instance, the pooled response to Con 
A is considerably reduced when compared with the young control (Table 
19c). This pooled response, however, does not reflect the "normal" 
responsiveness of suspension 3. Thus, all further experiments 
examined the responses of individual old animals. However, it was 
considered useful to include old pools to try to detect any 
indication of synergy or suppression by the old cells. In the 
experiments described to date, the responses of the pQo1 (1 + 2 + 3) 
to the different mitogens in each experiment were either equal to or 
higher than expected values. Responses lower than expected might be 
indicative of suppression. 
None of the experiments involving old cells showed any 
indication that the reduced responses were due to suppressor 
activity, this finding is In agreement with the results obtained by 
Callard (1978) using a similar experimental system. However, it does 
not agree with the finding of Globerson et al. (1981) who have 
SUM 
isolated cells from the spleens of aged mice which were capable of 
suppressing the responses to PM and Con A by old or young cells. 
The experiments dlii indicate that the responses were not solely 
due to decreased numbers of responding cells, as suggested by some 
workers (Abraham et at 1977, Gershon et al.1979). If the decline in 
response was due to decreased responder cells, mixing of cells from 
two or more old animals should not result in responses higher than 
expected. However, such increased responses were evident (Tables 16 
and 18) and presumably reflected limiting factors or cells in some 
old animals which could be supplied by others. The great improvement 
in response to PHA and LPS resulting from the mixing of old and young 
cells was unexpected. The responses were higher than expected in all 
cases and comparable to young cells alone. It is unlikely that the 
old cells would contribute anything to improve the young response. 
It is possible, however, that the young cells contributed two 
effects. The first may have been the supply of limiting cell types 
or factors. The second may have been an efficient contrasuppressjve 
effect. The combination of these two possibilites may have been 
sufficient to improve the responses of the old cells. 
Another possibility Is that the increased response was, in fact, 
due to a one or two-way mixed lymphocyte reaction (MLR) occurring 
between the old and young cells, as described by Callard et al. 
(1979). Such an explanation would not anticipate improved responses 
following the pooling of Old cells, since Callard et at (1979) found 
that old cells did not stimulate other old cells. More importantly 
perhaps, with regard to the young control, young cells did not 
stimulate other young cells. Therefore, the reduced response by the 
old cells was not due to an artificially high young response 
n 
resulting from an MLR. The possibility of the response being due to 
a MLR could perhaps be tested by looking for the generation of 
cytotoxic cells in the cultures. 	Arguments against the responses 
being due to an MLR are three-fold. 	In the first instance, 
unstimulated cultures of pooled old and young cells did not show an 
increase in the amount of label taken up. Secondly, the responses to 
Con A do not show such an increased response by the pooled old and 
young cells. Finally, the numbers of young and old cells 
present/culture were 1.25 x 10 5 each. This concentration is far less 
than the 5 x 10 5  stimulators and responders used by Callard et al. 
(1979) in a one-way MLR. Thus, although this Is a possible 
explanation it is perhaps, unlikely. 
The response to PHA is less than that to Con A in young mice 
(Stobo et al. 1972) and is found to decline more rapidly with age, 
resulting in a decreased PHA Con A ratio (Meredith et al. 1975). 
Such observations were also evident in these studies although the 
variation in ratios between experiments was quite high. Thus the PHA 
Con A ratios for individual 3 month donors varied from 0.44 to 0.66 
with a mean value of 0.57 ± 0.068 (data from Table 12). Using the 
data from Table 13, the ratios for 6 month donors ranged from 0.21 to 
0.60 (mean 0.40 * 0.133). The ratios for a young pool, old pool and 
the mean ratio for three old mice were 0.52, 0.241 and 0.36 t 0.055 
respectively, thus confirming the preferential decrease in 
responsiveness to PHA with age. 
Responses of some strains of mice to LPS increase with age, 
others decrease whilst others remain constant (Kay 1979). The 
response by CBA mice is reported to decline with age (Callard et al. 
1977, Kay It al. 1979). The decrease in response reported by Kay et. 
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al. (1979) was due to increased labelling of unstimulated cultures 
rather than a decreased response by stimulated cultures. In the 
present studies, a decreased response to LPS was observed but no 
corresponding increase in background labelling was evident. This is 
in contrast with the type of response described by Kay et al. (1979) 
for CBA mice. 
The question of whether the response to LPS is a valid measure 
of B cell function has been raised by Adler et al. (1977) and Callard 
(1980). Adler et al. (1977) questioned whether the cells responding 
to LPS were in fact B cells in aged animals, whereas Callard (1980) 
considered the T-cell regulatory controls influencing many B cell 
responses. Since most B cell functions are tested in the presence of 
T cells, one cannot conclude whether the decline in response is due 
to the B cells or the regulatory T cells. However, Callard et al. 
(1978) found no Inhibition of IPS response by pooling old and young 
cells. This finding was confirmed in the present studies. 
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CHAPTER V 
THE RESPONSIVENESS OF AGED MICE TO DIFFERENT STIMULI 
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INTRODUCTION 
When examining the effects of ageing on the immune functions of 
animals, two Important points to consider are choice of stimuli and 
the source of lymphocytes to be tested. 
Several studies have examined the responsiveness of spleen cells 
from aged animals to one or two stimuli. The responsiveness to PHA 
(Hung et al. 1975, Callard and Basten 1977), PHA and Con A (Meredith 
et al 1975), LPS (Callard et at 1977), PHA and LPS (Abraham et al. 
1977) and SRBC (Makinodan et al. 1976) are some of the functions which 
have been studied in this way and shown to decline with age. 
However, few workers have considered whether there is any correlation 
between responsiveness to these different stimuli. In particular, 
are any mitogen assays predictive of responses in functional assays? 
The experiments described in chapters III and IV have indicated 
a.wide variation in the levels of response to mitogens and primary or 
secondary stimulation with SRBC. Some of the aged animals were able 
to mount responses comparable with those of the young adult control 
animals. It would be of Interest to determine whether animals 
responding well to one or more mitogens could also respond well In 
functional tests or whether the responsiveness to different stimuli 
was random. 
Such a study has been reported with aged C5781/6 mice (Nordin 
and Adler 1979). Using in vitro techniques, the responses of spleen 
cells from ten 24 month mice to SRBC, DAGG-Ficoll, allogeneic cells, 
PHA, Con A and IPS were measured. A wide variation in responsiveness 
was observed, with some aged animals responding as well as the young 
controls in some of the assays. However, no pattern of 
responsiveness to the different stimuli could be determined and the 
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authors concluded that there was no correlation between assays and no 
ordered decline in responsiveness with age. 
The choice of lymphoid tissue used in ageing studies varies with 
different animals. Thus, assays are often performed on splenic 
lymphocytes from mice (Meredith et al. 1975, Makinodan et at 1976, 
Abraham et aL 1977, Callard and Basten 1977) and peripheral blood 
lymphocytes from humans (Tice et al. 1979, Hefton et al. 1980). 
However, a comparison of the responses to mitogens of lymphocytes 
from the spleen and inguinal, axillary or mesenteric lymph nodes of 
individual 24 month C5781/6 mice showed variation in responsiveness 
between tissues. Whereas spleen lymphocytes responded poorly to PHA, 
Con A and LPS, some lymph node cells responded well when compared 
with young controls (Adler et Al-. 1977). Higher responses to PHA by 
lymph node, cells have also been reported in studies examining the 
responsiveness of spleen and lymph node cells from eight medium and 
long-lived strains and hybrids to this mitogen (Kay , Al. 1979). 
Thus, although many immune functions may decline with age when tested 
using spleen cells, such results may not reflect the immune status of 
the animal as a whole. 
A relatively large number of cells is required in order to 
assess several responses by a single donor. The yield of cells from 
pairs of lymph nodes from mice is generally too low to enable such 
studies to be performed. The pooling of lymph node cells from an 
individual would relieve this problem but the variation in 
responsiveness to mitogens, shown by cells from different lymph 
nodes, makes this undesirable (Adler et at 1977). Thus, the merits 
of using different sources of lymphocytes are appreciated, but the 
following experiments were performed using spleen cells only. 
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Although Nordin and Adler (1979) reported no correlation between 
assays using C57B1/6 mice, it was decided to continue to look for 
such a correlation in GSA mice, since the two mouse strains have been 
shown to respond differently to mitoger)s with age (Kay et al. 1979). 
However, whereas the study of Nordin and Adler (1979) used in vitro 
techniques only, the following study combined the use of adoptive 
transfer and in vitro techniques. 
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RESULTS 
(a) Mixed lymphocyte reactivity of young (4 month) mice 
The response to allogeneic cells Is reported to decline with age 
(Konen et al. 1973, Gershon et al. 1979), whereas aged cells are 
reported to respond to young syngeneic cells and vice versa (Callard 
et at. 1979). 	This latter finding suggests some alteration in the 
cell membranes of aged mice. 	Since interactions between the cell 
surface and mitogens or antigens are required for the initiation of a 
response, increased reactivity in syngeneic mixed lymphocyte cultures 
(MLC), indicating membrane changes, may be predictive of altered 
responsiveness in other assays. It was therefore intended to include 
this assay in the study to examine the reactivity to allogeneic cells 
and to perhaps indicate the degree of change in the cell surface with 
age. 
In the first instance, spleen cells were pooled from two young 
(4 month) Balb/c, C57B1/6 or CBA mice. The cells were cultured at 
2.5 or 5 x 10 cells/well with 2.5 or 5 x 10 5 irradiated (15Gy) 
stimulator cells from each pool and harvested after 3, 4 or 5 days. 
The day 4 results, shown in Table 20 are representative of many 
preliminary experiments. 
Regardless of incubation time, stimulator 	responder ratio or 
strain combinations, the responses were consistently low. 	In some 
instances, the responses against allogeneic cells were lower than 
against autologous cells, as shown by 2.5 x 10 5 C57B1/6 responder 
cells cultured with the same dose of irradiated Balb/c or CBA cells. 
The reason for the low reponses could not be explained at the 
time of the study. However, it now appears that it.may have been due 
to the label used. The uptake of [ 125 1]-UdR by proliferating cells 
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TABLE 20 
Mixed lymphoctye reactivity of young (4 month) CBA 
Irradiated (15Gy) Stimulator cells 
Responder Stimulator cell 
Cells concentration CBA Balb/c C5781/6 
(x10 5 ) (x10) 
CBA 
2.5 2.5 2.8 ± 0•01a 3.1 ± 0.01 3.2 ± 0.09 
5 2.9 ± 0.04 3.3 ± 0.01 3.3 ± 0.10 
5 2.5 3.2 ± 0.08 3.4 ± 0.06 3.5 ± 0.02 
5 3.1 ± 0.01 3.6 ± 0.08 3.6 ± 0.09 
Bal b/c 
2.5 2.5 2.8 ± 0.05 2.9 ± 0.09 2.9 ± 0.08 
5 3.1 ± 0.01 29 ± 0.04 3.3 ± 0.14 
5 2.5 3.3 ± 0.08 3.1 ± 0.04 3.5 ± 0.09 
5 3.3 ± 0.02 3.2 ± 0.04 3.6 t 0.05 
C57B1/6 
2.5 2.5 2.8 ± 0.19 2.9 ± 0.03 3.0 ± 0.07 
5 3.3 ± 0.03 3.1 ± 0.15 2.9 ± 0.05 
5 2.5 3.1 ± 0.15 3.2 ± 0.05 2.9 ± 0.09 
5 3.2 ± 0.02 3.3 ± 0.14 2.9 ± 0.09 
a Mean loglo cpm of 4 replicates ± 1SD 
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is lower than the uptake of [ 3H]-thymidine ([ 3H]-Thd) (Boylston et al. 
1968, Menconi et al. 1978). In addition, the uptake of label by cells 
stimulated with allogeneic cells is lower than by those stimulated 
with mitogens. 	Using [ 3H]-Thd, Callard et al. (1978) reported PHA, 
LPS and MLC responses to give 231, 441 and 89 x 10 	disintegrations 
per minute (dpm) respectively. 	In that particular experiment, the 
uptake of label in response to allogeneic cells was only 40% of the 
PHA response and less than 20% of the LPS response. Thus, a 
combination of a lower response to allogeneic cells and a less 
effective uptake of [ 125 1]-UdR than [3H]-Thd by proliferating cells 
could account for the poor results obtained. 
If this were indeed the case, the level of response should be 
increased by making the uptake of [ 125 1]-UdR more efficient when used 
in combination with 5-fluoro-2'-deoxyuridine (FUdR). In the absence 
of FUN, which inhibits thymidylate synthSse.[., the uptake of 
[ 125 1]-UdR by PHA stimulated human lymphocytes has been reported to 
be reduced by more than 80% (Menconi et' 1978). 
However, since this explanation was not considered at the time 
of the study, this suggestion has not been tested. Thus, since the 
level of response by young animals was too low to be considered In a 
comparative system with aged donors, mixed lymphocyte reactivity 
could not be included as one of the parameters In the study. 
(b) Responsiveness of old (27 month) and young (4 month) mice to 
TNP-Ficoll, a 1-independent antigen 
In a study of the responsiveness of cells to a variety of 
stimuli, it would be useful to include an assay for B cell function 
other than responsiveness to LPS. Since the T-independent nature of 
haptens conjugated to Ficoll has been reported (Paul et .al. 1974, 
alrem 
Mosier et Al- 1974), the antigen TNP-Ficoll was chosen for the present 
study. 
To determine the antigen dose required for in vitro stimulation, 
spleen cells were pooled from three young or old donors and cultured 
at 7.5 x 105  cells/well with different doses of antigen. This cell 
concentration had previously been shown to give maximum responses for 
young cells (data not shown). Five replicate cultures were used at 
each antigen dose for each cell suspension and for each day of 
harvest. Control cultures, receiving - no antigen, were also 
performed. The numbers of Ill PFC per well were measured after 4 or 
5 days using TNP-coated SRBC as targets in the plaque assay. 
The results from old and young donors are shown in Figure 6. 
The responses by both old and young cells were higher on day 4 than 
on day 5 at all antigen doses. However, the day 4 responses of the 
old cells were three to five times lower than the responses of the 
young cells for each dose of antigen between 0.01 pg/well and 0.5 
pg/well. 
Having established that a difference in responsiveness to 
TNP-Ficoll could be obtained between young and old cells and having 
repeated this observation (data not shown), the system failed to 
work. No explanation could be found for the lack of response, even 
by young cells. Either the cells were failing to respond to the 
antigen, or the response was not being detected in the assay system. 
Modifications to the culture or assay systems did not restore the 
responses. Such a breakdown of an in vitro response has been 
experienced by other workers (Nordin, personal communication) and by 
myself in subsequent studies using mixed lymphocyte reactivity of 
human cells. The only solution appears to be persistence in 
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Figure 6. 	The 	in vitro response to 
pooled from (a) young or (b) old, donors 
threp young (4 month) or old (27 month) 
x 10 /well, with doses of TNP-Ficoll from 
(e ) or 5 ( U ) days. The results are 
DFPC/well ± 1SD of 5 replicate cultures. 
TNP-Ficoll of spleen cells 
• Spleen cells, pooled from 
donors, were cultured at 7.5 
I 0.01 to 0.75 pg/well, for 4 
expressed as the mean log10 
th unsh.i/ad cuLtures 	'1- 



















































































repeating the techniques, the return of positive responses being as 
sudden as their disappearance. At the time of the study, it was not 
possible to wait for the return of positive responses to TWP-Ficoll. 
Consequently, responsiveness to this antigen could not be included as 
one of the parameters in the study. 
Therefore, the assays tested on single cell suspensions were the 
ability to transfer primary or secondary anti-SRBC responsiveness to 
irradiated recipients and in vitro responsiveness to PHA, LPS and 
Con A. 
(c) Primary responsiveness of aged mice to SRBC and in vitro 
responsiveness to PHA and LPS 
Cells from three 35 month donors (01-03)and pooled from two 5 
month donors (controls) were tested for their ability to mount a 
primary response to SRBC in irradiated syngeneic hosts. The 
recipients were challenged with 1 x 108 SRBC, iv, at the time of 
transfer and the numbers of DPFC and IPFC/spleen determined after 7 
days. Cells from each donor and the control pool were also assayed 
for their responsiveness to PHA and LPS. 
The control responses for each assay are shown in Table 21. The 
results from the old cells are expressed -a ,s percentages of the 
control response for each assay in Figure 7a. 
(i)Primary responses to SRBC. The control cells gave responses 
of 2.96 ± 0.519 DPFC and 3.41 ± 0.951 IPFC/ recipient spleen 7 days 
after transfer and challenge. Animal 01 gave a very high DPFC 
response, but virtually no IPFC response. Animal 03 gave very low 
DPFC and IPFC responses, both being less than 10% of control levels. 
Animal 02, however, was able to mount response ~ at 50% of the control 
DPFC response and 60% of the control level for IPFC. 
- 111 - 
TABLE 21 
Responses of a young control pool to PIA, LPS and SRBC 
Mitogen Response Meana log 	cpm/culture ± 1SE 
Unstlmulated 1.93 ± 0.035 
PHA 3.46 ± 0.015 
LPS 3.19 ± 0.016 
Primary Anti-SRBC Response Meanb logio PFC/reciplent 
spleen ±1SE 
DPFC 2.96 ± 0.519 
IPFC 3.41 ± 0.951 
a Mean of 4 replicates. 
b Mean of 5 recipients. 
- 112 - 
Figure 7. Relative responsiveness of spleen cells from (a) 35 month 
and (b} 27 month donors, to primary challenge with SRBC and in vitro 
stimulation by mitogens, compared with pooled young adult cells (5 
month, controls). Spleen cells from individual donors or pooled from 
these donors, (a) 01-03, (b) 01-05, OM, were assessed for their 
ability to mount primary responses to SRBC In young irradiated hosts, 
or to respond to mitogens in vitro. Direct (S ) and Indirect ( t  ) 
anti-SRBC PFC were detected in recipient spleens 7 days after th 
transfer of 5 x 10 6 spleen cells with a challenge dose of 1 x 10 
SRBC. For mitogen responses 2.5 x io spleen cells were cultured 
with PHA ( 0), LPS ( U), Con A (D) or no mitogen (e), for 3 days. 
The response to each stimulus is expressed as a percentage of the 
control response to that stimulus. 4 recipients were used per donor 
for the anti-SRBC response and 4 replicate cultures were used for 










































































































Mitogen responses. 	In this experiment, all three old 
animals showed significantly higher background labelling when 
compared with the controls (p C 0.001, p C 0.05 and p < 0.01 
respectively). The PHA responses of the three old animals were less 
than 50% of the control levels, the reduction being significant in 
all cases (pc 0.001). 	The LPS responses, however, were variable. 
Whereas animal 02 did not differ from the control levels, animals 01 
and 03 gave significantly higher and lower responses respectively (p 
<0.001). 
Summary. 	Animal 01 mounted a good iqi response after 
challenge with SRBC and a good in vitro response to IPS ( 	100%). 
However, no IgG response was detected and the PHA response was very 
low. Animal 02 responded at 50-60% of young control levels to SRBC 
(I4 and IgG responses) and to LPS but gave a low PHA response. 
Animal 03 responded very poorly to SRBC and PHA but was able to mount 
an LPS response comparable to the control. 
(4c') Correlation between functional and mitogen assays. 
Plotting the data as a percentage of young adult control values 
allows the demonstration of the variability of responsiveness of the 
aged animals. In addition, it shows the relative responses of the 
aged animals to the young control, illustrating that some animals 
respond well whereas others respond poorly. 
Such presentation of data does not provide an indication of the 
correlation between the responses in the different assays used. 
Correlation values were therefore calculated using Spearman's rank 
correlation method on the log transformed PFC and cpm data. The 
results are shown in Table 22 (Experiment a). 
These data indicate a positive correlation between PHA and DPFC 
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TABLE 22 
Correlation between primary anti-SRBC responses and mitogen assays 
Mitogon Response 
Experiment Sample Size PHA 	LPS 	Con A 
a 	DPFC 3 1a 0.35 NO 
IPFC 3 -0.5 -1 ND 
b 	DPFC 6 0.6 0.37 0.14 
IPFC 6 -0.2 0.714 0.066 
a+b 	DPFC 9 0.733 -0.166 ND 
IPFC 9 -0.55 0.8* ND 
a Spearman's rank correlation coefficients calculated using log 
transformed data (PFC/spleen and cpm/culture). 
b ND - not done. 
c * significant at pc 0.05. 
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responses, and a negative correlation between LPS and IPFC 
responses. However, due to the small sample size, this can only be 
treated as a trend. Analysis using linear regression indicates that 
the correlation values for these responses were not significant 
(r = 0.96 PHA and DPFC,r = -0.98 LPS and IPFC). 	In this study, 
therefore, there is no definite correlation between primary PFC 
responses and responsiveness to PHA or %.PS. 
(d) Primary responsiveness of aged mice to SRBC and in vitro 
responses to PHA, LPS and Con A 
A second experiment was performed using five 27 month donors and 
a pool of their cells (01-05,OM) and including stimulation with 
Con A. The control group again consisted of cells pooled from two 5 
month donors (control). 
The results, expressed as percentages of the control responses 
are shown in Figure 75. The control responses for each assay are 
shown in Table 23. 
(I) Primary response to SRBC. 	The control OPFC and IPFC 
responses were 2.62 ± 0.18 and 3.54 ± 0.26 respectively. Four old 
animals mounted DPFC responses which were more than 30% of the 
control level (03, 04, 05, OM) but only one responded at more than 
50% (05). 	This group also mounted the highest IPFC response, 
although this was only 30% of the control response. 	The IPFC 
responses were very low, only animals 04 and 05 mounting T responses 
which were greater than 2% of the control response. 
The responses of the pooled cells did not differ greatly from 
the expected response for DPFC or IPFC (Table 24), although the 
difference between observed and expected IPFC responses was greater 
than for DPFC. 
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TABLE 23 
Responses of a young control pool to NM, LPS, Con A and SRBC 
Mitogen Response Mean8 log10 cpm/culture ± 1SE 
Unstimulated 2.32 ± 0.026 
PHA 3.62 ± 0.026 
LPS 3.63 ± 0.018 
Con A 4.25 ± 0.017 
Primary Anti-SRBC Response Meanb 10910 PlC/recipient 
spleen ±1SE 
DPFC 2.62 ± 0.18 
IPFC 	 H 3.54±0.26 
a Mean of 4 replicates. 
b Mean of 5 recip 'ients. 
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TABLE 24 
Observed and expected responses to PHA. Con A. LPS 
Observed Response Expected Response 
Mitogen Response Mean lo 1 	cpm/culture ±1SE 
linstimulated 2.50 ± 0047a 2.36 ± 0 • 39b 
PHA 3.37 ± 0.012 3.25 ± 0.040 
LPS 3.44 ± 0.109 3.32 ± 0.13 
Con A 4.00 ± 0.022 3.88 ± 0.041 
Primary Anti-SRBC Mean log10 PFC/recipient spleen ± 1SE 	- 
Response 
DPFC 2.19 ± 0.137 2.04 ± 0310d 
IPEC 1.55 ± 0.391 2.12 ± 0.214 
a Mean of 4 replicates. 
b Mean of responses of 01-05. 
c Mean of 4 recipients. 
d Mean of responses of 01-05. 
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(ii) Mitogen responses. Five old animals showed high background 
labelling compared with young controls but only Group 114 showed a 
significantly higher level (pC0.05). The responses of all groups to 
PHA were significantly lower than the control responses (Group 02 
Pc 0.05, Group 05 p< 0.01, remaining groups PC 0.001), although 
Groups 02, 05 and OM responded at more than 50% of the control. A 
similar pattern of responsiveness was seen to Con A. Despite the 
level of response to Con A being greater than to PHA in all groups, 
when expressed as a percentage of the control, the relative responses 
to each mitogen were similar. The response to LPS was reduced to a 
lesser extent, all groups responding at more than 40% of the control 
level. However, with the exception of Group OM, the responses of all 
groups were significantly lower than the control (Groups 01-03 Pc 
0.001, Groups 04 and 05 pc 0.05). Group CM, mounted a response which 
was higher than expected (Table 24) and which was not significantly 
lower than the control. The response of this group was also higher 
than that shown by any individual in the pool. 
(iii) Summary. Group 01 responded poorly to SRBC and at less 
than 50 % of control levels to PHA and Con A. Its response to LPS, 
however, was more than 50% of control levels. G roup  02 mounted 
reasonable responses to the three niitogens (50-70% of control 
levels), the responses to the I cell mitogens being slightly higher 
than to LPS. The IgG response to SRBC was barely detectable, but the 
1gM response was about 20% of the control. Group 03 responded at 
less than 50% to all stimuli. The 1gM response was about 30% of the 
control, but again, the IgG response was very low. The response to 
LPS was slightly higher than to both T-cell mitogens. In contrast 
with the groups described, Group 04 mounted an IgG response which was 
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20% of control levels. The 1gM response and responses to mitogens 
were all between 20% and 60% of control values. GroUP 05 responded 
quite well to all stimuli. The mitogen and 1gM responses were 
between 50% and 75% of the control levels, whereas the IgS response 
was about 30%. Group OM responded well to LPS (80%) and quite well 
to both PHA and Con A ( 7 50%). The response to SRBC, in contrast, 
was quite poor. The IgG response was very low although the 1gM 
response was about 30% of control levels. 
With the exception of the low IgG response, the response of the 
pool to each stimulus tended to be higher than or equal to that 
expected (Table 24). Thus, as previously, there was some indication 
of synergy but no indication of suppression. 
(iv) Correlation between functional and mitogen assays. 	The 
correlation coefficients for this experiment are shown in Table 22 
(Experiment b). 	In contrast with Experiment a, no correlation 
between functional and mitogen assays was observed. 	However, when 
the data from the two experiments were pooled, to give a larger 
sample size (Experiment ab, n=9), positive correlation was indicated 
between the DPFC and PHA responses and between the IPFC and LPS 
responses. 
In contrast with Experiment a, in which a negative correlation 
was obtained between the IPFC and IPS responses, the pooled data 
revealed a positive correlation. It would therefore appear that the 
responsiveness to LPS was not in fact correlated with the IPEC 
response, different correlations being obtained with different data. 
Similarly, although there was some indication of positive correlation 
between the DPFC and PHA responses such correlation was not 
consistent between the two experiments described. Thus, it also 
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seems that PHA responsiveness was not correlated with the anti-SRBC 
response. 
This small study indicates that although there may be some 
degree of correlation between assays within an experiment, such 
correlation is not consistent between experiments. This suggests 
that for primary responses, mitogen assays cannot be predictive of 
functional assays. 
(e) Secondary responsiveness of aged mice to SRBC and in vitro 
responses to PHA, LPS and Con A. 
Two sets of experiments were performed to determine whether any 
correlation existed between the secondary anti SRBC response and 
responsiveness to mitogen. In the first set, old donors were primed 
11 or 22 days before assay in adoptive transfer and in vitro systems 
(Figure 8a,b). Animals 01-03 (Figure 8a) were 35 months at the time 
of priming, the remaining animals were 30 months old. The second set 
of experiments used 31-32 month old donors at intervals of 14 and 35 
days after priming (Figure Bc,d). Young control pools were used in 
each experiment (S month donors). The results are again presented as 
percentages of young adult control responses (Figure 8a-d). The PFC 
responses were assayed 5 days after transfer and challenge. The 
young control responses for each experiment are shown in Table 25. 
(i) Secondary responses to SRRC. As In earlier experiments 
(Table 3), the control responses of cells transferred 11 days after 
priming were low. In contrast with these previous experiments, low 
responses were also obtained 35 days after priming. However, since 
the in vitro responses by the same animals were high (Table 25), the 
low response was perhaps due to the health status of the irradiated 
recipients or some other variable in the assay system. Since the 
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Figure 8. Relative responsiveness of spleen cells from aged donors+ 
To secondary challenge with SRBC and in vitro stimulation by 
mitogens, compared with pooled young adult cells (5 month, 
controls). Spleen cells from individual donors or pooled from these 
donors, (a) 01-05, (b) 01-04, OM, (c) 01-03,OM (d) 01-03, OM, were 
assessed for their ability to mount secondary responses to SRBC in 
young irradiated hosts, or to respond to mitogens In vitro. Direct 
A ) and indirect ( t ) anti-SRBC PFC were detected in recipient 
spleens 5 days after the tjansfer of 5 x 100  primed spleen cells with 
a chal}enge dose of 1 x 100  SRBC. Donors had been primed with 
S x 10 SRBC (a) 11, (b) 22, (c) 14 or Cd) 35 days befq,re transfer of 
their spleen cells. 	For mitogen responses, 2.5 x 10 spleen cells 
were cultured with PHA (0), LPS ( N ), Con A (0) or no mitogen (e) 
for 3 days. 	The response to each stimulus is expressed as a 
percentage of the control response to that stimulus. 	4' recipients 
were used per donor for the anti-SRBC response and 4 replicate 
cultures were used for each initogen response. 
30-35 months 
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TABLE 25 
Responses of young control pools to PHA. LPS 
Meana 10910 cpm/culture ± 1SE 
Mi togen 
Responses Experiment a Experiment b Experiment c Experiment d 
PHA 2.53 ± 0.001 2.45 ± 0.016 3.52 ± 0.020 3.34 ± 0.056 
LPS 3.65±0.0043.71 ± 0.013 3.76 ± 0.003 3.79 ± 0.026 
Con A 3.01 ± 0.0643.33±0.0433.18±0.0224.09 ± 0.050 
Secondary anti- Meanb log1 PFC/recipient spleen ± 1SE 
SRBC response 
DPFC 2.69 ± 0.209 3.?2 ±0.168 3.72±0.065 2.88 ± 0.162 
IPFC 1.87 ± 0.637 4L28 ± 0.059 4.15 ± 0.026 2.90 ± 0.344 
a Mean of 4 recipients. 
b Mean of 5 recipients. 
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experiments contained internal controls and the responses of aged 
animals were compared with the responses of a reference pool, it was 
felt that the results could be included in the analysis. 
The low responsiveness of aged cells was again evident in these 
experiments, particularly with regard to the IgG response which was 
less than 10% of control levels in the majority of cases. In 
contrast, the majority of the 1gM responses were equal to or greater 
than 25% of control levels and In some instances, were higher than 
the controls. 
Mitogen responses. The mitogen responses were again shown 
to be variable between individuals. The results from this and the 
two preceding experiments are summarised in Figure 9. 	Also, the 
relative responses of each individual to the different mitogens' were 
variable. With the exception of four groups (04 Experiment b, 01 
Experiment c, 01 and OM Experiment d, Figure 8) all were able to 
mount a response to at least one mitogen, which was greater than 75% 
of control levels.. Many of these groups were able to respond as well 
or greater than the controls to at least one mitoqen. 	Such a 
situation was • shown by the responsiveness of many animals to Con A. 
Correlation be tween functional and mitogen assays. 	The 
data presented,, in Figure 8a-d show no obvious pattern of 
responsiveness which would indicate correlation between assays. 
However, Spearman's rank correlation coefficients were again 
calculated on log transformed data (Table 26). 
As for primary responsiveness, correlation between mitogen 
assays and secondary responsiveness revealed Inconsistencies. 
Positive correlation was indicated between the IPFC and PHA responses 
in Experiment a whereas in Experiment d, negative correlation was 
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Figure 9. 	Variation in the responses to mitogens by aged cells. 
Responses to mitogens by 28 individual donors and 5 pooled 
suspensions were assessed in six experiments. The responses of the 
aged cells cultured with PHA, IPS, Con A, or no mitogen, are 
expressed as percentages of the young adult control responses in each 
experiment. The variation between aged and control responses, and 
their significance, are depicted as p< 0.001( A), pc 0.01 (0), p 
cO.05 ( 0 ) and not significant C • ). Each response was the mean of 
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TABLES 26 
Correlation between secondary anti-SRBC responses and mltogen assays 
Mitogen Response 	 - 
Experiment Sample Size PHA 	LPS 	Con A 
a 	DPFC 5 -0.7a 0.6 -0.03 
IPFC 5 0.52 0.1 0.8 
b 	DPFC 5 0.6 0.2 0.8 
(M for Con A) 
.IPFC 5 0.1 0.8 
(n=4 for Con A) 
C 	DPFC 4 -0.2 1* -0.5 
IPFC 4 0 0.4 0.4 
d 	DPFC 4 -0.04 1 0.4 
IPFC 4 -1 0.4 0.4 
a+b+c+d DPFC 18 -0.046 0.503* 0.068 
(n=17 for Con A) - 
IPFC 18 0.046 0.052 0.737*** 
(n= 17 for Con A 
Spearnian's rank correlation coefficient calculated using log 
transformed data (PFC/spleen and cpm/culture). 
b *pcOos ***pco.001 
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found. Pooling of data revealed no correlation (a+b+c+d, n18). In 
contrast, there was no indication of correlation between Con A 
responsiveness and either DPFC or IPFC responses in individual 
experiments, yet pooling data revealed a significant positive 
correlation (p C 0.01). Greater consistency was observed for 
correlation between LPS and IPFC responses. Positive correlation was 
found in Experiments c, d and from pooled data. 
Although correlation coefficients of 1 were obtained in 
Experiment d between PHA and IPFC responsivenss and LPS and IPFC 
responsiveness,, no degree of significance could be assigned due to 
the small sample size (n=4). 
Thus, although the responsiven€of some animals to different 
stimuli may be correlated, this is not a consistent feature. It 
appears therefore that in the present study, no correlation exists 
between responsiveness to I or B cell mitogens and primary or 
secondary responsiveness to SRBC. 
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DISCUSSION 
The results presented in this chapter again demonstrate the 
large variation in the responsiveness of individuals to mitogens 
(Figure 9) and SRBC. They also demonstrate the heterogeneity of an 
individual's responsiveness to different stimuli, the responses to 
some being comparable to young control levels and responses to others 
being greatly reduced. The overall pattern of responsiveness is seen 
to vary greatly from one individual to another. In soup animals for 
instance, the order of maximum to minimum responses, when expressed 
as a percentages of the control responses is PHA, Con A, LPS, IgG, 
1gM (01 Figure 8a) whereas in others it is IgG, Con A, 1gM, PHA and 
LPS (04 Figure 8a). 
The aim of the study was to determine to what extent the mitogen 
and functional assays were correlated. The conclusion is that 
primary or secondary responses to SRBC and mitogen responsiveness are 
not correlated. Although there did appear to be some correlation 
between assays in some experiments such findings were either 
contradictory or absent in others. By pooling data from a number of 
experiments, correlations between assays in individual experiments 
were negated or correlations were obtained which had not been evident 
in the individual experiments. 
The results of the present study using in vitro and adoptive 
transfer experiments are in agreement with those of Nordin and Adler 
(1979) obtained using ft vitro techniques alone. A more recent 
report also presented the same conclusion (Joncourt et al-1981). 
In contrast with the work presented here and that of Nordin and 
'4 
Adler (1979), the work of Joncourt et at (1981) examined the 
responsiveness of outbred mice. Decreased responsiveness to PHA and 
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Con A was found but not to LPS or in vitro stimulation with SRBC. 
This was taken to be a reflection of the heterogeneity of an outbred 
population, individuals being high, medium or low responders. The 
variation in overall responsiveness was also noted by these workers, 
some animals responding well to antigen, mitogen or both. However, 
they found a complete lack of correlation between the individual 
responses to mitogen and the number of PVC produced in the in vitro 
antibody response to SRBC. In addition, the lifespan did not appear 
to be influenced by any of the immune functions assayed, as assessed 
using semi-splenectomised mice. 
Thus, in agreement with the reports of Nordin and Adler (1979) 
and Joncourt et al. (1981), the results of this study suggest that 
responsiveness to mitogens and responses to SRBC are not correlated. 
In agreement with other recent reports (Nordin and Adler 1979, 
Joncourt et al. 1981) this study reflects the individuality of the 
responsiveness of aged animals. This suggests that the decline in 
immune potential with age is a random process. 
- 129 - 
CHAPTER VI 
IS THE IRRADIATED HOST IMMUNOLOGICALLY INERT? 
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INTRODUCTION 
The technique of adoptively transferring an immune response, by 
injecting donor cells into lethally irradiated recipients, has been 
used extensively to study various aspects of the immune response. In 
the field of ageing for example, it has been used to examine 
'intrinsic' and 'extrinsic' effects on the immune responses of aged 
animals (Price and Makinodan 1972a; 1972b). The demonstration of 
deleterious extrinsic effects in aged mice has led many workers to 
use adoptive transfer systems for the comparison of responses by old 
and young cells In an identical environment (Micklem et al. 1973, 
Farrar et at 1974, Makinodan et al. 1976, Callard and Basten 1978, 
Friedman and Globerson 1978b). However, the use of this technique 
has been based on the assumption that lethal irradiation renders an 
animal immunologically inert. In recent years, some doubt has been 
cast on this assumption but attempts to clarify this point have led 
to contradiction (Pilarski and Cunningham 1975, Frankus and Siskind 
1982). 
Pilarski and Cunningham (1975) examined the problem using a 
semi-allogeneic system in which CBA/H cells were injected into 
lethally Irradiated (8.5 Gy/850R) (CBA/H x C57B1)F1 hybrids, or vice 
versa. The host animals were either normal or primed, before 
irradiation, with cow red blood cells (CRBC) or bovine serum albumin 
(BSA). After transfer, the animals were challenged iv with RBC or 
dinitrophenylated-BSA (DNP-BSA). The nature of the PFC in the 
recipient spleens was determined by killing any hybrid cells with 
cytotoxic anti-05781 ascitic fluid and complement. Thus, when CBA/H 
'9 
cells were transferred into F1 hybrids, the host cells were killed 
and when hybrid cells were transferred into CBAJH mice, the donor 
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cells were killed. Using this system, the authors found that part of 
the response, in some animals, was of host origin. Irradiated 
recipients, primed or unprimed, were unable to mount a response after 
challenge with antigen, in the absence of donor cells. 
Carrier-primed recipients gave more consistent host-derived 
responses than normal recipients and the transfer of bone marrow 
cells resulted in a greater proportion of responding hosts compared 
with spleen cells. The level of the host response was also 
influenced by the numbers of cells transferred. A high percentage of 
animals receiving 0.5 - 3 x 106  donor cells responded, whereas on 
increasing the numbers to 3 x 10 7 , the host response became 
insignificant. 
The host component could be affected by an ongoing graft versus 
host (G v H) reaction, particularly when large numbers of donor cells 
are used. However, although the transfer of CBA/H cells into F1 
hybrids did result in a reduced host component, it did not abolish 
the host response. 
As a result of the studies described, the authors concluded that 
the lethally Irradiated animal was not inert. In contrast, Frankus 
and Siskind (1982) could find no evidence for a host-derieved 
response to DNP-bovine gamma globulin (DNP-BGG) in a study using the 
allotype congenic mice C57B1/6 (Igh') and BC-9 (Igh). The use of 
allotype congenic mice In such studies avoids any complications which 
might arise as a result of a G v H reaction. 
Recipient mice were lethally irradiated (7.8 Gy) and challenged, 
after transfer, with antigen in complete Freund's adjuvant. At 
various times after immunisation and, in some instances, boosting, 
serum samples were taken and the anti-OMP antibodies isolated. A 
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radio-immunoassay was used to determine the allotype of the 
antibody. No indication of a host-derived response was observed for 
up to 3 months after transfer and challenge. It must be noted that 
the numbers of cells transferred were large compared with those used 
by Pilarski and Cunningham (1975), the equivalent of a neonatal liver 
or half an adult spleen being used per recipient. 
With such. contradictory results being reported regarding the use 
of the adoptive transfer system, it was of interest to determine 
whether a host response was evident using our technique. 
The approach chosen in our laboratory again used an allotype 
congenic system. The adoptive transfer procedure used was the same 
as for earlier experiments (Chapters III and V) 1 but using CBA mice 
of the Ighaa and Ighbb allotypes as donors and recipients. The 
nature of the response was determined by measuring IPFC in recipient 
spleens, and antibody in their serum using a haemagglutlnation assay. 
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RESULTS 
(a) The nature of the response to SRBC following the transfer of 
spleen cells from Ighbb mice,, primed 9 days earlier, into I9haa 
recipients 
Two young (4 month) mice of the Tghbb allotype were primed ip 
with 5 x 107 SRBC, 9 days before transfer of their pooled spleen 
cells into lethally irradiated (9.25 Gy) allotype congenic mice. The 
numbers of plaque forming cells of each allotype per recipient spleen 
were determined 7 days after transfer and challenge. Serum samples 
were also taken at this time, and the allotype of the 2-ME resistant 
antibody determined using anti_Ighaa and anti_tghtb developing sera 
(Micklem et al. 1976) in a haemagglutination assay. Increased titres 
in the presence of either developing sera, compared with PBS, were 
indicative of the allotype of the antibody present. The results of 
both assays are shown in Table 27. 
The transfer of immune cells from Ighbt) mice into Ighaa 
recipients, 9 days after priming, resulted in a marked host 
contribution to the splenic IPFC response in all six recipients 
(22%-90%). This host participation was not reflected to the same 
extent in the haemagglutf nation titres. Sera tested with anti_Ight 
serum (donor allotype) showed substantial responses, whereas the 
results with antl_Ighaa serum were similar to those with PBS. 
Although only two animals (4 and 5) showed increased titres compared 
with PBS, when developed with anti-Ighaa serum, the patterns of 
agglutination in the developed wells were enhanced in all cases. 
This suggested that some anti-SRBC antibody of the a allotype He 
host) was present in the recipients. 
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TABLE 27 
Host participation in the anti-SRBC repponse followi 
the transfer of imune cells from Iuh°° donors intc 
r ec 
Recipient 
PFC/spleen (x 10') 
Ighaa 	Ighbb 	% host 
Haemagglutination Titres 
(L092 reciprocal) 
Ighaa 	Ighbb 	PBS 
1 29 42 41 8 12 7 
2 30 20 61 8 12 8 
3 37 64 36 8 it 8 
4 36 42 46 8 12 6 
5 4 22 23 8 13 6 
6 29 3 90 7 12 6 
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The nature of the response to SRBC following the transfer of 
spleen cells from Ighaa mice, primed 49 days earlier, into Igh bb  
recipients 
Using primed spleen cells from Ighaa mice, the experiment was 
performed as described above. The results of the plaque and 
haemagglutination assays are shown in Table 28. 
In this instance, the SRBC responses by the recipient animals 
were predominantly of donor origin (95%). Three animals showed no 
indication of a host contribution in the PFC response and the 
remaining animals showed a host component of only 5% or less. The 
sera developed with anti_Ighaa serum (donor allotype) showed good 
responses in the haemaggluntination assay, whereas those developed 
with anti-Ighhb serum showed responses comparable with the 
undeveloped (PBS) wells. In contrast with the previous experiment, 
addition of developing serum for the host allotype did not result in 
enhanced agglutination patterns compared with PBS. 
The nature of the response to SRBC, following the transfer of 
spleen cells from Ighaa mice, primed 79 days earlier, into I ghbb 
recipients. 
The experiment described above, was repeated using a larger 
number of recipient mice, and donor mice primed 79 days earlier. The 
results for eleven recipients are shown in Table 29. 
In agreement with the previous experiment, the response to SRBC 
was predominantly of donor origin as reflected by both the PFC and 
haemagglutination assays. All recipients showed some indication of 
PFC of the Ighbb allotype (host), but the percentage of host 
contribution was less than 5%. No indication of a host contribution 
was evident from the haemaggluti nation assay data. Thus, whereas 
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TABLE 28 
Host participation in the anti-SRBC response followin 
the transfer of immune cells from Jghda donors into 
rec 
Recipient 
PFC/spleen (x 10-3 ) 
Ighaa 	Ighbb 	% host 
Haemagglutination Titres 
(L092 reciprocal) 
Ighaa 	Ighbb 	PBS 
1 224 0 0 11 8 8 
2 319 0 0 11 9 8 
3 292 .0 0 11 8 8 
4 273 13 5 11 10 8 
5 269 5 2 11 • 9 9 
6 280 12 4 11 8 7 
7 234 12 5 11 8 7 
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TABLE 29 
Host participation in the anti-SRBC response followi 
en ts 
Recipient 
PVC/spleen (x 10) 
Ighaa 	Ighbb 	% host 
Haemagglutination Titres 
(Lo92 recipyoral) 
Ighaa 	IghDD 	PBS 
1 ND 30 ND 11 8 7 
2 440 2 0.5 11 7 8 
3 367 16 4 11 8 7 
4 406 13 3 11 8 8 
5 441 15 3 ND ND ND 
6 376 1 0.2 ND ND ND 
7 396 10 2 ND ND ND 
8 379 .15 4 ND. ND ND 
9 312 14 4 ND ND ND 
10 477 6 1 ND ND ND 
11 298 1 0.1 ND ND ND 
- 138 - 
the transfer of primed Ighbt) cells into Ighaa recipients resulted in 
a marked host contribution to the response, the reciprocal transfer 
resulted in a response which was more than 95% donor origin. 
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DISCUSSION 
The results of this small study are not conclusive but they do 
indicate that the transfer of cells into Ighaa recipients results in 
a marked host participation in contrast with the transfer of cells 
into Ighbb recipients. 
Some caution must be exercised in interpreting these results for 
a variety of reasons. Perhaps the most important reason is the 
characterisation of the developing sera used, particularly the 
anti_Ighaa reagent. Although this antiserum has been shown not to 
detect antibody of the Ighbb allotype using radial immunodiffusion 
(Micklem et al. 1976) or Ouchterlony techniques (data. not shown), it 
has not been tested for its specificity in the plaque assay. The 
antiserum was prepared in rabbits against the 5563 myeloma of CM 
mice. It therefore required absorption with sepharose-conjugated 
C5781/10 serum to produce an antiserum specific for the a allotype 
(Micklem et 
j]. 
 1976). It is possible, however, that not all anti-b 
activity was removed, the residual activity being sufficient to 
detect responses of this allotype in the plaque assay but not in the 
less sensitive haemagglutination assay. The specificity of the 
antiserum should therefore be tested by examining its ability to 
develop IgG plaques from Intact mice of the Ighbb allotype. The 
specificity of the anti-Igh 	serum should also be tested against 
cells from intact Ighaa mice. 	However, since this antiserum was 
produced in Balb/c mice against C57B1/10 serum, this particular 
problem of specificity should not occur. 
Thus, the discrepancy between PFC and haemagglutination 
responses In Ighaa recipients may be due to residual anti-b activity 
in the anti-Ighaadeveloping serum. Assuming, however, that the 
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serum was specific, it is possible that the discrepancy was due 
simply to time, day 7 being too early to detect host antibody in the 
serum. This could be tested by monitoring the allotype of the 
antibody in the serum over a longer period after transfer and 
challenge, although Frankus and Siskind (1982) have found no evidence 
for a host response up to 3 months after transfer. 
It is interesting to note, that using a plaque assay, some 
degree of host contribution was indicated in all three experiments 
described in the present study, although this was 	<5% in Ighbb  
recipients. 	This finding was in agreement with the PFC results 
obtained by Pilarski and Cunningham (1975). However, by assessing 
the allotype of the antibody present in the serum there was no 
Indication of a host contribution to the response in these 
experiments. 	This finding was in agreement with the results of 
Frankus and Siskind (1982). 	The question arises as to whether 
Pilarskl and Cunningham (1975) would have detected a host 
contribution by determining the origin of the serum antibody and 
also, whether Frankus and Siskind (1982) would have detected such a 
contribution by analysing the nature of the splenic PFC? 
The responses of the cells primed 9 days before transfer, were 
considerably lower than those primed 49 or 79 days before transfer 
and showed a higher proportion of host involvement. From the 
transfer experiments described previously (Table 3, Chapter III), the 
secondary responses of cells transferred 6-14 days after priming 
showed no early IgS response. In contrast, cells transferred from 
mice primed for longer periods ( 	21 days) did show an early IgG 
response. Using an allotype congenic system Brown et al. (1980) found 
that the transfer of cells from mice primed 21 days earlier, into 
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sublethally 	irradiated 	recipients, 	resulted 	in 	responses 
predominantly of the donor allotype. The transfer of no  
cells, however, resulted in responses which were predominantly of 
host origin. This raises the possibility that the host contribution 
to the response is influenced by the priming schedule for the donor 
cells. It would be of interest, therefore, to examine the nature of 
the response in recipient mice after the transfer and challenge of 
allotype congenic cells which were either unprimed, or primed at 
intervals before transfer. 
The conditions for the experiments described in the present 
study were very stringent with the use of high irradiation dose, 
primed donor cells and unprimed recipients. The detection of a host 
response under these conditions demonstrated the presence of 
radio-resistant immune potential in the B-cell lineage. It is not 
possible to assess, from this study, whether T cells also retained 
their potential to participate in a host response or whether donor T 
cells were required. A requirement for donor •T cells could be 
examined by transferring T-cell depleted spleen cells into irradiated 
hosts and assessing the responses produced, if any. 
There is no clear answer to the question of host involvement in 
the adoptive transfer response, since many factors seem capable of 
influencing its detection. Differences in priming schedules for host 
and/or donor cells, doses of transferred cells and the mice used 
(semi -allogeneic or congenic) combine to make the interpretation of 
results difficult. 
With the possibility of a host contribution, care must be taken 
with the interpretation of adoptive transfer results. This may be of 
particular importance in ageing studies, since the adoptive transfer 
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system has been used to compare the responses of aged and young 
animals in identical environments (Price and Makinodan 1972a; 1972b, 
Callard and Basten 1978b, Friedman and Globerson 19786). However, if 
one considers that the irradiated animals retain some limited immune 
potential but are incapable of survival, the transfer of old and 
young cells could give different results. For example, if the donor 
cells are capable of repopulating the Irradiated hosts, but only have 
limited immune potential themselves, the response of the host may 
become evident. If however, the donor cells have good immune and 
repopulation potentials it is possible that any response by the host 
may be diluted or suppressed by that of the donor. The former may 
therefore arise after the transfer of old cells and the latter after 
the transfer of young cells. 
It is difficult to assess the effects of a possible host 
involvement in the adoptive responses reported by other workers, 
since so many experimental parameters differ. However, if one 
considers the work of Price and Makinodan (1972b) on the 
characterisatlon of extrinsic deficiencies, one experiment examined 
the responses of aged cells in a young environment. The transfer of 
aged cells led to an exponential increase in the response which 
exceeded the normal response expected by intact aged animals, but 
then decreased to the normal response level by 60 days after 
transfer. It is possible that the 'overshoot' described may be 
attributable to a host contribution, the return to normal old levels 
being due either to suppressor cells from the old donors or to the 
radio-resistant young population being short-lived. The dose of 
cells injected (2 x 10) was high compared with doses used by 
Pilarskl and Cunningham (1975). However a high cell dose from aged 
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donors may be equivalent to a low dose from young animals. 
The results of the adoptive transfer experiments described in 
Chapter III and V must also be treated with caution. It is unlikely 
that there was a host involvement in the response after transfer at 
short intervals after priming, however, in the case of unprimed 
donors or donors primed for more than 21 days, the host contribution 
may be of great importance. 
No clear conclusion can be drawn from this study. However one 
suggestion becomes evident. Essentially, it seems that there may be 
a need for experimenters using adoptive transfer studies, to 
determine whether a host contribution can be detected in their 
experimental system and to correct for such a contribution If 
present. Regarding the present study, one would ideally repeat the 
experiments examining the generation and duration of memory using 
allotype congenic mice. Since the ageing colony contained mice of 
the a allotype, this would require the transfer of cells from aged 
and young Ighaa donors into Ightt) recipients, followed by careful 
monitoring of the allotypeo1 tftresponse produced. 
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CHAPTER VII 
GENERAL DISCUSSION 
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This study has concerned itself with the variability in the 
responsiveness of aged individuals of an inbred mouse strain. The 
results demonstrate that such individuals show marked differences in 
their responsiveness to SRBC, PHA, Con A and LPS. Similar findings 
have since been reported using inbred (Nordin and Adler 1979) or 
outbred mice (Joncourt et at 1981). Thus, whereas earlier reports 
indicated that responsiveness to these stimuli declined with age 
(Makinodan et al. 1971a, Hung gj fl. 1975a, Abraham j.. 1977, Callard 
and Basten 1977, Callard et al. 1977) such a statement is not 
applicable to all aged individuals. When examining the responsivenss 
of •individuals, a gradation is evident. Whereas some aged animals 
are capable of responding as well as, or better than young controls, 
others respond extremely poorly. 
In addition to variation between individuals in responsiveness 
to a stimulus, variation in relative responsiveness to different 
stimuli was evident within individuals. All combinations of 
responsiveness were seen, some animals responding well to antigen or 
mitogen, both or neither. Such an observation was recently reported 
by Joncourt et al.(1981), using outbred mice. It appears therefore, 
that the influence of age an the immune system does not follow a well 
defined pattern in inbred or outbred mice. 
Responses of cells pooled from groups of aged animals were 
included in the study to allow comparison of the present results with 
those reported by other workers. - The responses of such pooled cells 
were often significantly lower than those of the young controls. 
These results would agree with previous reports indicating a decline 
in responsiveness to PHA and Con A by aged cells (Abraham et .j. 1977, 
Callard and Basten 1977, Kay et al. 1979). Reduced responsiveness to 
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LPS was also a consistent feature of the present study, in agreement 
with the findings of Callard et al. (1977) and Abraham et. (1977). 
Other workers, In contrast, have indicated that responses to LPS may 
remain unchanged or increase with age (Adler et al. 1977, Kay et al. 
1979). From the results presented in this study, it is clear that 
the responses of pooled cells do not reflect the wide variation in 
the responsiveness of the individual animals forming the pool. Such 
findings suggest that emphasis should be placed on examining the 
responsiveness of aged individuals and trying to distinguish between 
good and poor responders in the aged population. Differences between 
such animals may allow a clearer view of the ageing process as 
related to immune function. 
In the present study, greater numbers of aged than young animals 
were tested as individuals. However, the young animals showed less 
variation in their responses to antigenic and mitogenic stimulation 
compared with aged animals. It does appear, therefore, that as 
animals age, their ability to respond becomes increasingly variable 
as indicated by other workers (Adler .et al. 1977, Adler and Chrest 
1979, Nordin and Adler 1979). 
The animals used in the present study were of the CBA/H strain. 
No data were available on the median lifespan of our colony but it 
was considered not to differ substantially from that of 870 days (29 
months) reported for CBA/H mice (Barnes et al. 1959). The aged mice 
were between 27 and 35 months when used. The age of the animals in 
such studies is of considerable importance (Walford .1976, Makinodan 
and Kay 1980), and applies both to the young controls and to the aged 
animals. Generally, in ageing studies, the responses of aged animals 
are compared with those of young. It is important, therefore, to use 
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control animals which have reached immunological maturity for the 
functions to be tested. The age of maturity varies according to the 
stimulus and mouse strain (Walford 1976). In the present study, 
control animals of 5-6 months were routinely used. Such an age group 
should have attained full adult responsiveness and thus should 
provide a consistent yardstick against which to assess the response 
of the aged animals. 
The importance of strain differences was demonstrated by a study 
of organ, cellular and activity indices assessed in eight medium and 
long-lived strains and hybrids (Kay et al. 1979). Such indices, and 
their correlation with age, differed widely between strains. Of the 
twelve indices tested, seven were found to be correlated with age in 
C57B1, C57B1/6 and DBA/2 mice, six in BCE1 mice, five In CBA/T6T6 and 
CV1 mice, four in C3H mice and only one in B6D2F1 mice. PHA 
responses were found to correlate negatively with age for all strains 
tested. LPS responsiveness, however, was found to correlate 
positively with age for some strains, negatively for some and not at 
all for others. In contrast, Joncourt et al. (1981) found no 
correlation with age of any responses assayed in a study using 
outbred mice. It is obvious therefore, that the conclusions reached 
when assessing the Influence of age on immune potential will be 
greatly influenced by the mouse strain used. 
In the present study, and ageing In general, the immune 
responses of animals that were older than the median lifespan were 
assessed. However, these animals were the survivors. What factors 
had caused other animals, of identical genetic background and which 
have been maintained under the same conditions, to die at an earlier 
age? If the breakdown of immunity plays a large part in the ageing 
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process, one would presume that the animals that died earlier 
experienced such a breakdown at an earlier age. In other words, the 
immune systems of animals which have survived beyond their median 
lifespan have been influenced by age to a lesser extent. Which of 
these animals can yield more information regarding the ageing 
process, those that have died earlier, those that have lived longest, 
or both? The last suggestion seems most likely since differences in 
immune potential of those that have survived beyond the median 
lifespan and those that have died much earlier might reflect some 
fundamental defect. Such a suggestion could be resolved using 
longtitudinal studies. 
Some longtitudinal studies have been performed using cells 
pooled from groups of animals at different ages, and have shown that 
responsiveness to different stimuli peak In young or young adult 
animals. Thereafter, the responses might plateau and then decline 
with age, or decline immediately (Kay et al, 1979). Such a decline in 
responsiveness at a relatively early age has been reported for a 
number of stimuli, including SRBC and other T-dependent antigens 
(Makinodan and Peterson 1964, Friedman and Globerson 1978a; 1978b) 
T.-independet antigens (Friedman and Globerson 1978a, DeKruyff et al. 
1980) allogenelc cells (Gershon et al 1979, Gottesman et at 1981) and 
mitogens (Abraham et al. 1977, Gershon et al. 1979). The onset of 
decline in responsiveness varied between reports, but a number of 
mouse strains had been used, including C578l/6,(C578l/10 x 13BA12)F1, 
Balb/c and BC3F1. In addition, adoptive transfer, in vivo or in 
vitro experimental systems and a variety of assay systems had been 
used. 
As discussed previously, however, the responses of the pooled 
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cells in these studies would not necessarily reflect the reponses of 
individuals. In the reports cited above, it Is likely that whilst 
some of the members of the aged pool might show a rapid decline in 
responsiveness with age others may be able to respond normally until 
well into old age. In essence, one cannot say that an animal's T. 
response has altered unless one has a previous assessment with which 
to compare it. 
Perhaps, therefore, instead of using pooled cells one should 
again turn to the individual. Longtitudinal studies on individual 
animals would provide information on several aspects of the immune 
response and ageing. They would indicate whether the suggestion that 
some animals respond normally into old age was true. In addition, 
whereas no correlation appears to be evident between the levels of 
responsiveness to different stimuli once old age has been attained, 
there may be a correlation between different responses during the 
ageing process. Whether such correlations would be the sane for each 
individual would remain to be seen. 
The requirements for a longtitudinal study would be serial blood 
samples and the performance of assays to measure a variety of immune 
functions at each sample time. Since samples would be taken at 
different times, a reference point would be required to determine 
whether immune function had altered with age. This could be provided 
in two ways. 	Cells from each bleed could be stored in liquid 
nitrogen and assessed together in one large assay. 	This might be 
hazardous since if some fault occurred with the assays, much material 
and potential information would be lost. A safer way would be to 
pool cells from a large number of animals, at an age when 
responsiveness to a particular stimulus was known to be at its peak, 
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and freeze them in aliquots in liquid nitrogen. Such cells could be 
used as controls at each time point and the responses of the 
individuals expressed in relative terms. Other pools could be 
prepared and standardised to the original pool level if required. It 
is likely that for different responses control pools of slightly 
different ages would be required. 
It would be interesting to determine at what age young and 
ageing cells differ sufficiently to stimulate each other in a mixed 
lymphocyte reaction, and whether such differences correlated with 
alterations in other immune functions. If the decline in 
responsiveness is due to qualitative changes (Callard and Basten 
1977, Callard et al 1977, Callard 1980, Makinodan and Kay 1980), It 
may well be reflected in such a study. 
A number of different parameters could be usefully examined In 
such a study. One would ideally like to examine as many aspects of 
the immune system as possible. Thus, one could study primary 
responsiveness to 1-dependent and 1-independent antigens, responses 
to mitogens and to allogeneic cells, as assessed by mixed lymphocyte 
reactivity and cell mediated lympholysis. Suppressor activity could 
also be assessed by performing mixed old and young cultures. It may 
well be useful in addition, to assess lymphocyte populations using 
monoclonal antibodies to different sub-sets. For obvious reasons, 
the primary responsiveness at different ages would have to be 
assessed in vitro. 
The problem is which animal model to use. 	It is unfortunate 
that the size of a mouse precludes it from such a study, since there 
is such a wealth of knowledge on murine immunology and experimental 
systems are well defined for this animal. 	In addition a median 
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lifespan of 2-3 years is a manageable timescale. A human model has 
the advantages of a comprehensive knowledge of the immune system and 
the relative ease of taking large blood samples at regular intervals, 
thus allowing several assays to be performed. 	The overwhelming 
disadvantage is the lifespan. 	An intermediate animal model is 
required which is large enough to withstand serial bleeding but which 
does not have too long a lifespan. Perhaps rats or rabbits would be 
better candidates for such a study. Of the two, rats would be 
preferable since well defined strains are available, and there is 
increasing availability of monoclonal antibodies directed against rat 
lymphocytes. This is not the situation with regard to rabbits. 
Unfortunately, such a longtitudinal study would need to rely on 
the assessment of Immune function of a limited part of the immune 
system. However, as shown by other workers, the response in one 
lymphoid tissue does not necessarily reflect that in other tissues 
(Adler et al. 1977, Kay et al. 1979). In the situation described, the 
responsiveness of peripheral blood lymphocytes would not necessarily 
reflect the status of the animal as a whole. There is no way of 
avoiding this problem in such a study. 
During the course of the present study, there was an increasing 
awareness of the possible influences of suppressor activity on the 
immune responsiveness of aged animals (Makinodan et al. 1976, Segre 
and Segre 1976). Since that time, using the adoptive transfer, or in 
vitro culture, of mixed young and old syngeneic cells, non specific 
suppresor cells have been demonstrated in the spleens (Calla Yd et al 
1980, Dekruyff et at 1980), lymph nodes and bone marrow (Callard S. 
al . 1980) of aged animals. Such cells were shown to be T cells and to 
influence primary and secondary responses to T-dependent and 
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1-independent antigens (Cal lard et al. 1980, DeKruyff et at 1980). 
The influence of suppressor cells in the mitogen responses had not 
been established. However, one report suggests that the splenic 
response to PHA and Con A can be suppressed by non 1-cells, which are 
agglutinable by peanut agglutinin (Globerson et al. 1981). 
Influences other than suppressor cells have also been implicated 
in the reduced responsiveness of aged animals. Interferon production 
was demonstrated to increase with increasing age of the donor and to 
have an inhibitory effect on cell proliferation (Heine and Adler 
1977). Endotoxin has also been suggested as a possible suppressive 
influence (Winchurch et al. 1982). This would imply that the 
depressed immune potential was due, to some extent, to a breakdown of 
physiological processes in the liver and spleen. 
It was anticipated that the present study might indicate whether 
the decreased responsiveness of CBA/H mice was due to suppressor 
influences. Pooled cells were used for this purpose. In the 
majority of cases, cells were pooled from a group of aged animals, 
although in some instances pools consisted of cells from two old 
•donors or one old donor and pooled young cells. On reflection, the 
use of cells pooled from a number of donors was not an ideal method 
for examining this question since suppressor activity may be diluted 
or obscured by other influences in the pool. For example, a pool 
might consist of cells from four donors, one of which had high 
suppressor activity, another had an absolute loss of imunocompetent 
cells, another responded normally and a fourth which had a cell type 
that was limiting. When such cells are mixed, several possible 
interactions could occur. The limiting cells from the fourth animal 
may be supplied by some of the other donors in the pool, leading to 
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an enhanced response. 	However, it is possible that the supressor 
cells from the first donor could simply negate the synergistic 
effect. This would result in a pooled response equivalent to that 
expected by taking the average response of the Individuals in the 
pool. Thus, using a number of animals for the pool one could not 
really determine the presence or absence of suppressor activity. 
A more definitive approach would be to examine the interactions 
between cells from single old donors and young reference cells. 
Using this method, it was found that in 65%, of cases, increased 
suppressor activity was evident, in 10% of cases the animals showed 
an absolute loss of immunocompetent cells and the remaining 25% 
showed a relative loss of immunocompetent cells (Makinodan et al. 
1976). In the 25% animals showing a relative loss of immunocompetent 
cells, the interpretation is not entirely clear. Perhaps there was a 
selective loss of a 1-cell subset but not necessarily the same cell 
type in each animal. This could be examined by mixing cells from old 
animals in different combinations (1+2, 1+3, 1+4, 2+3 etc). By 
comparing responses from the different combinations, one should have 
an indication of the frequency of particular cell types being 
limiting. Such combinations were used in some of the studies on 
mitogen responsiveness (Chapter IV) but the numbers experiments were 
too small to give any conclusive results. 
The major aims of the present study were to examine the 
variability in responsiveness of individual animals to different 
stimuli and to determine to what extent these responses were 
correlated. It was necessary therefore to use in vitro and adoptive 
transfer methods since in vivo methods are restrictive. However, the 
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in vitro and adoptive transfer methods are not without their 
problems. 
In vitro techniques are sensitive to a number of factors, 
including variation in the serum batches used in the medium and the 
health status of the animals (Schreier and Nordin 1977). Since it is 
well established that with increasing age, animals become 
increasingly susceptible to disease (Popp and Popp 1983), perhaps the 
in vitro techniques directly reflect the health status of the 
individual, rather than Its immune potential. 	There is also the 
problemof which culture conditions to use. 	Routinely, as in the 
present study, optimal conditions for young animals are used to 
assess the functions of aged animals. The decline in responsiveness 
has been shown not to be due to dose or time kinetics in mice 
(Callard and Basten 1977, Callard et al. 1977) and rats (Kruisbeck 
1976). In contrast, other workers have indicated that aged mice vary 
in their dose requirements for maximum stimulation by PHA (Kay et al. 
1979). Also, whereas in some circumstances differences between 
responses to stimuli are minimal under optimal conditions, using 
sub-optimal conditions such differences can be accentuated (Bernhard 
etal. 1980, Gottesman et al. 1981). Thus the choice of In vitro 
conditions can Influence the responses obtained by cells from aged 
animals. 
Since the demonstration by Price and Makinodan (1972b) that 
extrinsic factors can influence the responsiveness of aged animals, 
the adoptive transfer method has been popular for the assessment of 
responsiveness to antigens. It has been suggested, however that the 
irradiated host used in this system is not necessarily inert. 
(Pilarski and Cunningham 1975). Attempts to clarify this point have 
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indicated that the host is inert (Frankus and Siskind 1982). In the 
present study, no conclusive evidence could be obtained for or 
against host involvement but a possibility of such involvement was 
certainly indicated. It would seem that more work is required on 
this subject. Meanwhile, possible host involvement would certainly 
need to be controlled for in laboratories using such a technique. 
An understanding of the effects of ageing on the immune 
functions of animals may enable the decline in potential to be 
reversed, delayed or decreased (Walford 1974, Makinodan 1977). 
Attempts to delay the onset of the decline have met with varying 
degrees of success (Walford et al. 1977, Makinodan 1979). Many of the 
ageing studies have been performed using genetically defined mice 
maintained under standard conditions. However, if the ultimate aim 
is to achieve a greater understanding of the situtation in the human 
population perhaps it would now be valid to turn attention to outbred 
animals. 
In summary, the responses of individual aged animals have been 
assessed following in vitro stimulation by mitogens, or a primary or 
secondary challenge with SRBC in an adoptive transfer system. The 
results Indicate a wide variation in responsiveness to each of the 
stimuli. Using cells pooled from aged animals, the results following 
mitogen stimulation were In agreement with the reports of other 
workers but they did not reflect the potential of the animals in the 
pool. 	In contrast, the results following secondary challenge with 
SRBC were not in agreement with those of other workers. 	The 
generation and persistence of memory were found to be comparable in 
old and young animals but the magnitude of the response was 
consistently lower in the aged animals. Reports of other workers had 
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suggested that the secondary responses to SRBC were comparable in old 
and young animals. The discrepancy may have been due to differences 
In strain, dose, age or the experimental system used. 
The possibility of correlation between mitogenic and functional 
assays was examined, but although some correlation was found in some 
experiments, such correlation was either absent or contradictory in 
others. It appears that even in an inbred mouse stain, the ageing 
process is random, the responses to some stimuli being affected to a 
greater degree than to others. However the pattern of responsiveness 
was not the sane in different animals. Thus, in contrast with the 
ordered developmental sequence of immunity, the decline in immune 
response shows no consistent pattern. "This suggests that 
Immu nose nescence is controlled by factors unique to the individual 
and could be controlled by enviromental influences on the immune 
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Duttons Balanced Salt Solution ( x 10 concentrated) 
Solution 'A' 
Dextrose (D-glucose) 	 10.00 g 
Potassium di-hydrogen orthophosphate (KH2PO4) 	0.60 g 
Di-sodium phosphate (Na2 HPO4. 12H20) 	 4.75 g 
Dissolve salts in 1,000 ml distilled water and membrane filter if 
required. Store at 4 ° C. 
Solution 'B' 
Calcium chloride. 	2H20 (CaC12.2H20) 	 1.86 g 
(OR Calcium chloride. 61-120 (CaC12.6H20) 2.77 g) 
Potassium chloride (KCl) 	 4.00 g 
Sodium chloride (NaCl) 	 80.00g 
Magnesium chloride. 6H20 (MgC12.6H20) 	 2.00 g 
Magnesium sulphate. 7H20 (MgSO4.7H20) 	 2.00 g 
Dissolve salts in 1,000 ml distilled water and membrane filter if 
required. Store at 4° C. 
For use, mix equal parts of solutions 'A' and 'B' and dilute with 8 
parts distilled water. 
PHOSPHATE BUFFERED SALINE (PBS, pH 7.2, 0.15M 
Sodium chloride (NaCl) 
	
8.00 g 
Potassium chloride. (KC1) 
	
0.20 g 
Di-sodium hydrogen phosphate (Na2HPO4) 	 1.15 g 
Potassium di-hydrogen phosphate (KH2PO4) 	 0.20 g 
Dissolve the salts in 1,000 ml distilled water. If preferred, a x 10 
solution can be prepared for storage and diluted as required. 
